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models were used for the evaluation. The first, a conducting cylinder
with one open end; the other, the guidance section of a missile. Each
of these two configurations was modeled to calculate the electromagnetic
field ocupled into the structure.

The following specific questi?hs’here addressed during this program;

1. Can the FD-TD method accurately model electromagnetic coupling
into a conducting structure for arbitrary angles of incidence and

arbitrary wave polarization?

2, Can the FD-TD method accurately model a complex structure with
both irregular-shaped apertures and dielectric or permeable materials
within the interior?

3. Can the FD-TD method predict the voltage, current, or power that
the coupled field may indice on wires or cable bundles inside of a metal
structure?

4., What are the size limits of an object that can be modeled using
the FD-TD method?

5. What is the capability of the FD-TD method to interface with
other analysis techniques, such as "Method of Moments?

Overall, this program showed that the FD-TD method can be success-
fully applied to electromagnetic coupling problems involving conducting
structures with hole and sleeve-type apertures illuminated by a plane
- |wave having an arbitrary polarization and angle of incidence. Further,
the FD-TD method can be applied to complex cavity-like structures having
internal metal and dielectric materials, as well as connecting wires,
Accuracy of the FD-TD results was very good relative to the uncertainties
of available experimental and numerical-theory approaches. Convergence
of the leectromagnetic fields to the sinusoidal steady state occurred
within about 3 cycles of the incident wave when a slight value of iso-
tropic loss was assigned to the interior of the structures modeled. This
resulted in program central processor times of less than 5 minutes for
FD-TD lattices containing as many as 1.5 million unknowns time-stepped to
L 800 using the Control Data STAR-100 and Cyber 203 computers.

This program also established the feasibility of a hybrid MOM/FD-TD
analysis technique based upon the use of Schelkunoff's equivalent
electric current theorem at apertures of a cavity. This hybrid technique
was shown to give consistent results for apertures strongly coupled to
internal wires or other metal and dielectric structures.

This program has shown that the pure FD-TD and hybrid MOM/FD-TD
ethods have great promise for applications involving complex conducting
nd dielectric structures illuminated by plane waves at arbitrary angles
f incidence and polarization., Further, great promise is shown for those

structures that are simultaneously electrically large compared to a wave-
ength and penetrated by locally complex cavity-backed apertures having
imensions comparable to a wavelength, Such structures requiring
esolution of both large and small details at the same time have not been
ell treated by any one previous analytical or numerical approach.
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PREFACE

I1T Research Institute (IITRI) is pleased to submit this Final Report on
"Evaluation of Time Domain Electromagnetic Coupling Techniques" to Rome Air
Development Center (RADC/RBCT). The report covers work performed by IITRI
under Air Force Contract No. F30602-79-C-0039, designated as IITRI Project
No. E6461. The report is in two volumes. Volume 1 covers details of the
technical work, including relevant theory and numerical results. Volume 2
provides 1istings of the Fortran computer programs used to obtain the results 4
of Volume 1.

The principal investigator on this program was Dr. Allen Taflove, with
support provided by Dr. Korada Umashankar of IITRI on Task 5; Mr. Neil

Robertson of IITRI on data reducticn and contour map plotting; and Prof.
Donald Wilton and Dr. Allen Glisson of the University of Mississippi on com-
putation of frequency-domain data for checking of results and for Task 5.
The project duration was 7 December 1978 to 29 February 1980.

Respectfully submitted,
11T RESEARCH INSTITUTE

Q. J b Aot

Allen Taflove, Ph.D.
Research Engineer
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A.

VOLUME 2 - LISTINGS OF FORTRAN COMPUTER PROGRAMS

1.0 INTRODUCTION

] This volume documents the FD-TD computer programs written during the
E present research effort. Included are Tistings of the programs for the fol-
lowing problems:

Penetration of a 19.0 cm diameter, 68.5 cm long, open-ended
aluminum cylinder by a 300 MHz plane wave at broadside
incidence and TE polarization (Section 3.1 of Volume 1);

Same as Problem A, but for TM polarization (Section 3.2 of Volume 1)};

Penetration of a 12.8 cm diameter, 28 cm long, missile guidance
section by a 300 MHz plane wave at axial incidence, for the case
of the interior dielectric components modeled (Section 4.1 of
Volume 1);

pacidd

Same as Problem C, but for the case’of the interior dielectric
and metal components and wires modeled (Section 4.2 of Volume 1);

Hybrid method of moments/FD-TD analysis of penetration of a 19.0 l
cm diameter, 68.5 cm long, open-ended aluminum cylinder by a
300 MHz plane wave at axial incidence (Section 7.4.1 of Volume 1);

Same as Problem E, but for TM polarization of the incident wave
at 45° incidence relative to the cylinder axis (Section 7.4.2 of
Volume 1);

Hybrid method of moments/FD-TD analysis of loaded missile guidance
section of Problem D (Section 7.4.3 of Volume 1).




The computer program listings for Problems A and B were run without
requiring any data cards, since the descriptions of the cylinder geometries
employed are contained within the programs. Program listings for Problems
C, D, E, F, and G required data-cards decks of sizes 720 cards, 720 cards,
72 cards, 72 cards, and 528 cards, respectively, to specify the interaction
geometry. The data-card format for these programs is summarized in Section
3.1 of this volume. Further, program listings for Problems E, F, and G
required data-card decks of sizes 144 cards, 288 cards, and 225 cards, re-
spectively, to specify the aperture excitation for the hybrid method of
moments/FD-TD approach. The data-card format for this specification is sum-
marized in Section 3.2 of this volume.

A11 FD-TD computer programs were written using STAR Fortran Version 2.1 |
for processing by the Control Data STAR-100 or Cyber 203 computer systems ]
under the 1.2 operating system. This Fortran version contains certain exten-

sions to ANSI standard Fortran [1] that permit usage of the vector processing
capabilities of these computers. The reader is referred to the STAR Fortran
Manual for detailed discussion of these features [2].
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2.0 FD-TD PROGRAM LISTINGS

In each of the programs of this section, FREQ = 3.0 E + 8 denotes the
operating frequency, f = 300 MHz; DX denotes the lattice cell size, & (in
meters); MPR denotes the total number of media within the model; DATA EPS
and DATA SIG give the assumed relative dielectric constant and conductivity
(mhos/m) of each medium; and NMAX gives the number of the last time step of
the algorithm.

2.1 Problem A -- Task 1, Case 1
{Section 3.1 of Volume 1)

The following 11 pages list the computer program for the 159 x 64 x 24
cell -- 800 time step run of Problem A. The problem solved is penetration of

a 19.0 cm diameter, 68.5 cm long, open-ended aluminum cylinder by a 300 MHz
plane wave at broadside incidence and TE polarization.




PROGRAM FOTD{INPUT»OUTPUT,TAPEGO=INPUT,TAPES=TAPES)

e i = el el A TR pst

C
C RUN TASK1l-~ STEADY 300 MHZ PLANE WAVE IRRADIATION OF A
C 19.0 CM DIAMETER, 68.5 CM LONGy, OPEN-ENDED
C ALUMINUM CYLINDER
: c CASE I- TE POLARIZATION OF THE INCIDENT WAVE
! C BROADSIDE INCIDENCE
5 C INCIDENT WAVE COMPONENTS EZ AND HX
c 159 X 64 X 24 CELL CUBIC SPACE LATTICE IS USED
C UNIT CELL DIAMETER = DX = 0.5 CM = WAVELENGTH/200
C EVEN SYMMETRY ABOUT LATYICE PLANE T = 24%DX IS ASSUMED
c SOFT TEM WAVE SOURCE CONDITION IS USED AY PLANE Y = 3,0#%DX
C SOFT LATTICE TRUNCATIONS ARE USED
C PROGRAM IS CPTIMIZED FOR THE CDC STAR-100
C
REAL MUR,MUZ
ODIMENSION A(2422500), Al(3840)5A2€(3840),AAL(3840),
1 AAR(3840), DD(160) AL (24)AR(24)5CAL9),
2 CB(9)SEPS(3)»SIGI(3), KEXB(19),KEXC(19)
COMMON A
DESCRIPTOR D15D25s03504sNFDsBYsBWsBXsBYsALXs A2X9 ALY 9A2YsALZy
1 A22
BIT BV,BBB(3840),BWsBBW(3840)»B8XsBBX(3840)»BYsBBY(159)
ASSIGN Al1X»A1(16233678)
ASSIGN A2X,A2(162;3678)
ASSIGN AlY,Al1(161;3679)
ASSIGN A2Y,A2(16133679)
ASSIGN Al1Z,A1(1;3839)
ASSIGN A27,A2(1;3839)
ASSIGN BW,BBW(153840)
ASSIGN BX,BBX{(1;3840)
ASSIGN BY,BBY(15159)
ASSIGN D4,DD(13159)
Tl = SECOND(CP)
PRINT 150, T1
150 FORMAT(F20.5)
C
o eeesele PROBLEM PARAMETERSceces
FREQ = 3,0E+8
DX = 0.005
MPR = 3 )
DATA EPS/1.0» 1.0 1.0/
DATA S1670.0» 3.T7E+7» 0.01/
NMAX = 800
¢ —
c esesaeCYLINDER GEOMETRY DESCRIPTIONcesee
. DATA XEX3/1951791591351291191009999898979 7975696069696/
DATA FEXC/255199175159135125119510599998589 7979796969656/
o — .
c ..-..IT- B‘SIC ‘~D DERIVED CONST‘NTSOOOOO

Pl = 3.14159205
MiZ = 4.0 ® PU & 1,0€-7
i3l = BeB54E-12

PP — ~ P it nac
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DT = OX /7 6.0E+8
NHALF = 0.5 / FREQ / OT

R = DT /7 2.0 7/ EPS2Z
RA = DT*%2 /7 OXe%2 / MUZ / EPSZ

RB = DT 7 DX 7 MUZ
RC = 1.,0E¢4 / RB

RD = 2,0 ¢ P1 & FREQ * DT
IPUN = O

Al1(133840) = 0.

A2{1;3840) = 0.
CA(139) = 0.

CB(139) = O,
BWw = Q8VMKO(15160;BW)

BX = Q8VMKZ(159,160;8BX)
DO 2 I=1,MPR

EAF = R & SIG(I) /7 EPS(I)
CA(I) = (1.0-EAF) 7/ (1.0¢EAF)

CB(IY = RA / EPS(I) / {(1.0+EAF)

eevesllle LDAD VECTOR Acvons
eeseeolERD INITIAL FIELDSecaes

DO 3 I=1,65
IDEL = (I-1) * 36900

AUIDEL+1;36900) = 0.
A(2398501;24000) = O,

.....TYPE UF "EDIU".....

(2 {a X2l

eses e ANISOTRCPIC LOSSY AIRcesea
DO 4 I=2,64

IDEL = (I-1) * 36900
ACIDEL+153840) = 3.

ACIDEL+81l61;3840) = 3.
A(IDEL+1632153840) = 1.

eeeesBROADSIDE CIRCULAR CYLINDER<oaes

DO 14 I=15,33
IDEL = (I-1) * 36900

KB = KEXB(I~-14)
KC = KEXC(I-14)

D0 7 K=KBsKC
ACIDEL#12+(K~1)%1603137) = 2,

ACIDEL#8171+(KB=-1)*1605138) = 2,

10

DC 10 K=KB,y24
A(IDEL+830B+(K-1)#%160) = 2.

KC = KEXC(I-14) -1

12

00 12 K=KByKC
A(IDEL+16331+(K~1)%160;138) = 2,

KD = KC + 1
DO 13 K=KD,24

ACIDEL#16331+(K-1)%16035137) = 3,

5

et D0




13 ACIDEL*16468+(K=1)%160) = 2.

[A = 67 - 1

IDELA = (IA~1) * 369CO

ACIDELA+1;3840) = A(IDEL+1;3840)
A(IDELA+16321;3840) = ACIDEL+1632133840)
IB = 66 = 1

IDELB = (IB-1) * 36900
A(IDELB+8161;3840) = A(IDEL+8161;3840)

T2 = SECOND(CP)
PRINT 150,72

asceelVe TIME-STEPPING LOCPeccee
DO 200 N=1,NMAX
TERM = SIN(FLOAT(N)*RD) * RSB
MCALL = 3 + IFIX(FLOAT(N}/6.0)
IF(MCALL.GT.21)MCALL=2]1

eess s TRANSVERSE PLANE NOo lacess
oooooEX’ EZ TRUNCATIDNSOQCOQ
A{4001;4000) = A(134C00)
A(15;4000) = A(409C1;4000)
A(20321;4000) = A(1632134000)
A(16321;4C00) = A(5722134000)

cesseEY ITERATIONseass
ASSIGN D1s.DYN.3679
ASSIGN D25 «DYN.3679
ASSIGN D3,.0YN.3679
A(12161) = 0,5 * (A(16161)+A(16162))
A(121625157) = 0.333 * (A(16161;157)¢A(16162;157)
1 +A(16163;157))
A(12319) = 0.5 * (A(L16318)1+A(16319))
A(161615159) = A(123215159)
DI = CA(3) * A(12321;3679)
D2 = A(2464153679) — A(2448133679) + A(3301133679)
1 - A(33012;3679)
D3 = CB(3) * D2
A(1232153679) = D1 + 03
FREE

oooooTRkNSVERSF PLANES 2-6%¢0cee
D0 82 JY=1l,MCALL
___ __JDEL = (JY=1) * 110700

-.--.EX ITER‘TIUN-n..o

ASSIGN DlseDYNa3678
. A SASAI,G,_NA 02_’ L) DYN! 3_9 7,6
ASS[GN D3y.0YN.3678
ASSIGN NFDs o DYNe3678

ASSIGN BV,BBB(1;3678)




ShwCIES

3

N -

DO 30 MA=1,3 |
M s JDEL ¢ 36900%(MA=1)

o
[ 200900 SOFT LATVICE TRUNCAVIONgssees

AC4Q09024M) = 0,5 * (A(44Q024M) ¢A(44903+M))

A(409Q3+M; = * 44902¢M; *A(44 +M3156

1 +Al44904eM;156))

ALLl059¢M) = 0e5 * (A(45058¢M)+A(45059¢M))

A(44902+¢M;158) = A1&L1062+M;158) i
c !
C ecsesosMAIN EX LOOPSceces

NFD = A(37062¢M;3678) !
D0 22 JJ=1,MPR !
BV = NFD.EQ.JJ a
A1X = QBVCTRL(CA{JJ)5BV;ALX)

22 A2X = QBYCTRL(CB(JJ),BV;A2X)
D1 = AlX * A(%1062¢M;3678)
D2 = A(69912+4M;3678) — A(33012+M;3678) ¢ A(655424M;3678)
1 - A(65702¢M;3678)
D3 = A2X & D2

30 A(41062+M53678) = D1 ¢ D3
FREE

C esseeEY ITERATIONeeoss

A N s+ DYNe3679
ASSIGN D2,.DYN.3679

ASSIGN D3y« DYNe3679
ASSIGN NFD’.DYN.3679

ASSIGN BV,BBB(133679)

D0 &0 MA=1s3
M = JDEL + 36900%(MA-1)

C eseeeSOFT LATTICE TRUNCATIONeooeo

A(49061+M) = 0.5 * (A(53061+M)I+A(53062+N))
A(49062+M5157) = 0.333 # (A(530614¢M3157)+A(53062¢M;157)

1 +A(53063+¢N3151))
Al49219+M) = 0.5 * (A(532184M)+A(53219+¢M))

A(53061+4M3159) = A(49221+M;159)

c ....."‘XN EY LOUPS.....

NFD = A(45221+¢M33679)

DD 32 JJ=1,MPR
BV = NFD.EQ.JJ

AlY = QBVCTRL(CA(JJ)»BV;ALY)
32 A2Y = QB8VCTRL(CB(JJ)»BV3A2Y)

D1 = AlY * A(49221+M;3679)
02 = A(615414M33679) — A(61381+¢M33679) ¢ A(69911eM33679)

1 - A(69912+¢M33679)
D3 = A2Y * D2

40 A(49221+M;3679) = D1 + D3
FREE




- A

.....EZ ITER‘tION.‘...

ASSIGN Dl’oDYN.3839
ASSIGN D2, .0YN.3839 !

ASSIGN D3,.0YN.3839
ASSIGN NFD».DYN.3839

ASSIGN B8V,B8B(15;3839)

DO 50 MA=1,3
M = JDEL ¢+ 36900%(MA-]1)

esesoMAIN EZ LOOPSeeese

NFD = A(53221¢M;3839)
DO 42 4J=1,MPR

BV = NFD.EQ.JJ
Al? = QBVCTRLICA(JJI)SBV3ALZ)

42

A27 = QBVCTRL(CB(JJI»BV;A2Z)
Dl = Al2 * A(57221+¢M;3839)

D2 = A{655424M33839) ~ A(65541¢M533839) + A(24481eM33839)
1 - A(61381+¢M33839)

D3 = A2Z * D2
A{57221+M33639) = D1 + D3

cesesbEl SOFT TEM WAVE SOURCE CONDIVIONeosooo

IF(JYeGEo2.0RMALEL2)GO TO 47
A(131021;3839) = TERM ¢ A(131021;3839)

ssseeEl HORo PLANE ENVELOPE COMPUTATIONeeoeeo

47

D4 = VABS(A(60901+¢M3159)504)
BY = D6 GT.A(H612214M5159)

50

A(61221+4M5159) = QBVCTRL(D4,BY3A(61221¢M;5159))

seseeHX ITERATICNcoose
D0 60 MA=1,3

M = JOEL + 36900%(MA-1)

.....HAIN Hx LOOPS.....
D1 = A(24481+M;3839)

DZ = A(12321+¢M;3839) - A(12161+M;3839) + A(20321+M33839)
1 -~ A(57221+n133839)

A(24481+4M;3839) = D1 + D2

ecesoHX HOR, PLANE ENVELOPE COMPUTATIONeoees
D4 = VABS(A(28161+4M31591)304)

60

BY = D&.GT.A(284814¢M;5159)
A(284714M5159) = QBVCTRL(D4»,BY;A(28481+4M;159))

FREE

“eeceeHY ITERATIONeeooes
ASSIGN D1, +CYNe3838
ASSIGN DZDOBYN03638

0 70 MA=1s3
M = JDEL ¢ 36900¢(MA-1)




OOOQOSOFI L‘T‘lCE tRUNCATIONs...'.

OO O

scoeeolLEFT TRUNCATION cooeo
AL(1) = 0.5 * (A(69541¢M)+A(69542¢M))

AL(2322) = 04333 * (A(69541+M;22)4A(695424M;22)
1 +A{69543¢M522))

AL(24) = 0.333 ¢ (A(69563eM)+2.,0%A(69564¢M))
AAL(133840) = QB8VXPNDUAL(1;24)»BW;AALL]1;3840))

AL695414M324) = QBVCMPRSIA(65542+4M;3840)sBW;A(69541¢M524))

c .‘...RIGH" tRUNcATION.....
AR(1) = 0.5 * (A(69566+M) ¢+AL69567+M)})

AR(2522) = 0.333 ¢ (A(69566+M322)+A(69567+M;22)
1 ¢A(69568 ¢N322))

AR{24) = 0.333 * (A(69588+M)+2.,0%A(69589+M))
AAR(133840) = QBVXPND(AR(1324),BX;AAR(153840))

A(69566+¢M324) = QBVCMPRSTA(65540+4M;3840)BX;A169566¢M;524))

C ceceosMAIN HY LOOPSececese
D1 = A(65542¢M33838)

D2 = A(57222+M;3838) -~ A{57221+M;3838) + A(40902+¢M;3838)
1 =~ A(41062¢1336838)

A(65542+M33838) = D1 ¢ D2

A(65541+M33840) = QBVCTRLUAAL(L33840),BW;A(65541¢M353840))
Al 4leM33840) = QBVYCTRLEAARE153840),BX54AL §1+¢M33840

eeseeHY HOR, PLANE ENVELOPE COMPUTATIONegeee

" ol
2 Xl

D4 = VABS(A(69221+M3159);D4)
BY = D4.GT.A(69591+M5159)

70 A(69591¢M3159) = QBVCTRL(D4sBY;A(695914¢M;159))
EREE

c gseseeHl JTERATIONeoeee

ASSIGN D1, .DYN.3678
ASSIGN D2, .DYN.3678

00 80 MA=1,3

M = JDEL ¢ 36900¢(MA-1)

seeeeSOFT LATTICE TRUNCATIONScceeo
...‘QLEFT TRUNCATION...‘.

[ Xallg]

AL(2) = 0.5 ¢ (A(36852+¢M)+A(36853¢M))
AL(3321) = 0.333 * (A(36852¢M321)+A(36853¢M521)

1 +A(36854¢08;321))
AL(24) = 0e5 * (A(368734¢M)+A(36874+M))

AAL(13;3840) = QBVXPND(AL(1324),BW;AAL(1;3840))
A(36851¢M524) = QBVCMPRS(A(32852¢M;53840)sBW3A(368514M324))

C eeeeoRIGHT TRUNCATIONecoee

AR(2) = 0.5 * (A(36877+M) +A(36878¢M))
AR(3321) = 0,333 & (A(36877+M321)¢A(36878¢M;21)

1 +A(36879e¢M521))

R i e dniniasen ] . ‘ e i abtiea i




AR(24) = 0.5 * (A(36898¢M)+A(36899¢M))

AAR(133840) = QBVXPND(AR(1;24),BX;AAR(1;3040))
A(36876+M324) = QBVCMPRS{A(328504M;3840)sBX3A(368764M324))

...‘.”‘IN Hz LDOPS.....

D1 = A(33012+M;3678)
D2 = A(41062+M33678) ~ A(4162+M33678) + A(123214M;3678)

1 - A(12322+¢M33678)
A(33012+M33678) = D1 + D2

A{32851+¢M33840) = QARVCTRL(AAL(133840),BW;A(32851¢M33840))

80 A(32851+M;3840) = QBVCTRL(AAR(]1;3840),8X;A(32851+¢M;53840))
FREE

82 CONTINUE

o0

IF(MCALL.LE.20)GO TO 94

s0eea e TRANSVERSE PLANE NO: 65eseee

M= 63 % 36900

[2][n]

LX) ...EX: EZ TRUNC‘TIDNS.....
A(40901¢M;4000) = A{36901+M54000)

A(36901¢M34000) = A(45061+M54000)
A(450614M;54000) = A(4001¢M34000)

A(57221+¢M34000) = A(53221+M;4000)

A(53221+M;4000) = A(61381¢M;4000)
A(61381+4M34000) = A(203214M34000)

.....Hx ITER‘IION.....

ASSIGN D1,.DYN.3839
ASSIGN D2y +DYN.3839

D1 = A(24481+¢M;3839)
D2 = A(12321+#M;33839) - A(12161+M33839) + A(20321¢M33839)

1 - A(57221¢N;3839)
A(244814M33839) = D1 + D?

D4 = VABS(A(28161+¢M;159);D4)
BY = D4.6T.A(28481¢M;159)

A(284814¢M5159) = QBVCTRL(D&4»BY;A(28481485159))
FREE

.'...Hz ITERArIUN.....

ASSIGN D1s,.DYN.3678
ASSIGN D2, .DYN.3678

AL(2) = 0,5 ® (A(36852¢N)+A(36853+N))
AL{3571) = 0.333 # (A(368520Ha21)+A(368530H;21)

1 +A(36856¢M;210)
AL(Z4) = 05 & (A(368TI+4M)I+A(36874¢M))

AAL{1;3840) = QBVXPNDIAL(1324),BW3AAL(1;38401))
A(36851+#M;24) = QBVCMPRS(A(32852+M33840),8W3A(36851¢N324))

AF12Y = 0.5 * (A(368T7¢M) +A(368784M))
Av (33;21) = 04333 # (A(36877¢M;321)¢A(36878¢M;21)

1 ~ +A(36879¢N;21))
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AR(24) = 0.5 & (A(35898eM)eA(36899+NM))

AAR(1;3840) = QBVXPND(AR{1324),BX;AAR(153840))
A(36876¢M;24) = QBVCMPRSIA(328504M;53840),BX3A(36876¢M324))

D1 = A(33012#M;3678)

D2 = A(41062¢M33678) ~ A(4162¢M33678) ¢ A(12321+M;3678)
- A(12322+M33678)
A(33012+M;3678) = D1 + D2

A(32851¢M;33840) = QBVCTRL(AAL(133840)5BW3A(32851¢M;3840))
A{32851¢M33840) = QBVCYRL{AAR(1;3840),8X3A(328514¢M;3840))

FREE

94

seeeeVERT. PLANE ENVELOPE COMPUTATIONccoee
ASSIGN D1,.DYN.3840

ASSIGN D25s.DYN.3840
ASSIGN BV,BB8(1;3840)

M = 32 % 36900
MZ = 65 * 36900

sesesbEX ENVELOPEGoses

D1 = 0.5 * (A(40014M;3840)+A(40901+M;3840))
D2 = VABS(D1302)

8v D2.6T.A(MZ+133840)
A(HZ+1 3840) = QBVCTRL(D2,BV;A(MZ¢1;3840))

cesosEY ENVELOPEcoeaes

D2 = VABS({A(12161+M;3840)302)
BV = D2.GT.A{MZ+400133840)

A(MZ+400133840) = QBVCTRL(D2,BV;A(NZ+400153840))

eseeebEl ENVELOPE.cese
Dl = 0,5 * (A(20321+M33840)+A(5722]1+M;3840))

D2 = VABS(D1;3;D2)
BV = D2.6T.A(MZ+80013;3840)

A{MZ+8001;3840) = QBVCTRL(D2,BV;A(NMZ+8001;3840))

o-ooon ENVELDPE.....
D2 = VABS(A(24481+¢M;3840);D2)

[ aXal

BY = D2.GT.A(MZ+12001;3840)
A{MZ2+1200133840) = QBVCTRL(D2,BV;A(MZ+1200]133840))

oLcocHY ENVELOPEscoeo

D1 = 0.5 * (A(28641¢M;3840)4A(655414M;3840))
D2 = VABS(D1302)

BV = D2.6T.A(MZ+16001;3840)
A(MZ+¢1600133840) = QBVCTRL(D2,BV;A(MZ¢]1600153840))

scoeseeHZ ENVELOPEcoosne

D2 = VABS(A(32851+MN;3840);02)
BY = D2,6T7.A(MZ42000133840)

A(MZ+2000133840) = QBVCTRL(D2,BV;A(MZ+2000133840))
FREE

T3 = SECOND(CP)
PRINT 150, T3
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eeoseoFIELD ENVELOPE PRINTOUT ROUTINEceoso

DO 100 L=NHALFsNMAX,NHALF
IF(N.EQ.L)GO TO 101

100 CONTINUE
[F(N.EQ.NMAXIGO TC 101

60 7O 199

ecseeeAT HORIZONTAL SYMMETRY PLANEcceeceo
101 IFINJEQ.NMAX)IPUN=]1

PRINT 102, N
102 FORMAT(1H1,52X927HEZ ENVELOPE FOR TIME STEP =515,

1 77962Xs L5HPLANE Z = 24%DXs//92Xs1NJs /)
CALL ENVH(24321,RCs IPUN)

PRINT 103, N

103 FORMATU1H1552Xs27HHX ENVELOPE FOR TIME STEP s=,15,
1 1/362X9s LS5HPLANE 7 = 24%DX9s//92XslHJs /)

CALL ENVH(28481,3.77E+6,IPUN)

PRINT 104, N
104 FORMAT(1H1,S52Xs27HHY ENVELOPE FOR TIME STEP =515,

1 11562X9s15HPLANE Z = 24%DXs//92Xs1HJIr /)
CALL ENVH(3269193.7TE+65IPUN)

eoceoAl VERTICAL SYMMETRY PLANEcese.

PRINTY 105, N
105 FORMAT(1H1,52X»27HEX ENVELOPE FOR TIME STEP =515,

1 17562X9 L THPLANE Y = 32.,580X5/7/92X51HKs/)
CALL ENVV{1,RC,IPUN)

PRINT 106, N

106 FORMATC(1H1,52Xs27HEY ENVELOPE FOR TIME STEP =I5,
1 1/562Xs LTHPLANE ¥ = 32.5%DX»//52Xs1HKs/)

CALL ENVV(4001,RC,IPUN)

PRINT 107, N
107 FORMAT(1H15,52Xs27HEZ ENVELOPE FOR TIME STEP =515

1 1/562Xs LTHPLANE ¥ = 32,5¢DXs//52Xs1HKs /)
CALL ENVV(8001,RC,IPUN)

PRINT 108y N

108 FORMAT(1H1,52X»27HHX ENVELOPE FOR TIME STEP =,15,
1 /7562X9 1 THPLANE ¥ = 32.5¢0Xs/752X51HKs /)

CALL E4VV(1200193.77E+651PUN)

PRINT 109, N

109 FORMAT(1H1,52X»27HHY ENVELOPE FOR TIME STEP =515,

1 1/562X91THPLANE ¥ = 32,580X9//92Xs1HKs /)
__CALL ENVV(16001,3,77E46,1PUN)

_PFINY 110, N
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110 FORMAT{1H1,»52Xs27THHZ ENVELOPE FOR TIME STEP =,15, - ]
1 J1962X9 1 THPLANE Y = 32,5%DX»//92X»1HKse /)
CALL ENVV(20001»3.77E+6,IPUN)

: 200 CONTINUE
f T4 = SECONDICP)
| PRINT 150, Té

- STGP

END

Ef 199 CONTINUE

SUBROUTINE ENVH(LOCA,SCALE» IPUNCH)
DIMENSION A(2422500),IP110240)»NN(160)

COMMON A
o
D0 9 I=1,160
9 NN(I) = [
C 1

2 0O 1 LY=2564
ﬁ LOC = LOCA ¢ (LY-1)%¢36900

LOCT =T ¢ (LY-1)#160
IP(LOCI160) = SCALFE * A(LOC;160)
1 A(LOC3160) = 0.

1 TF(TPUNCH.EQ.0)GO 10 & ~
D0 2 LY=15552 3

LOCT =1 + (LY-1)%160

‘ LOCII = t0OCI + 158

p 2 WRITE(8,3) (IP(LL),LL=LOCI,LOCID)

24 3 FORMAT(1615)

s 4 DO 7 LX=156

LXA = 5 ¢ (LX=11%25

LXB = LXA ¢ 24

D0 5 LY=2,64

; LYY = 66 = LY

; LOCT = LXA ¢ (LYY-11#160

; LOCII = LOCI ¢ 24

PRINT 65 LYY, (IP(LLISLL=1OCI,LOCIT)
FORMAT{1XpI22X»2515)

PRINT 8, (NN(LL)sLL=LXA,LXB)
FORMAT(//54X9251557//7)

[+ JE (e WX ]

RETURN
END

SUBROUTINE ENVV(LCCZ»SCALEs IPUNCH)
OIMENSION A(2422500)sNN(160), IPR(25),1PP(160)
COMMON A

D0 8 I=1,160
8 NN(I) = [

13




LMN = LOCZ + 65%36900

IF(IPUNCH.EQ.0)GD TO 3
DO 1 LI=1,24
LOC = LMN + (LZ-1)%160
IPP(1:;159) = SCALE * A(LOC;159)
1 WRITE(852) (IPP(LL)»LL=1,159)
2 FORMAT(161I5)

3 00 6 LX=156

) LXA = 5 ¢ (LX=1)%25

LXB = LXA ¢+ 24

DO 4 LZ=1,24

LZ2 = 25 - LI

LOC = LMN & (LZZ-1)%160 ¢ LXA-1
IPR(1325) = SCALE * A(LOC;25)
PRINT 55 LZZy (IPR(LLIoLL=1,25)
FORMAT(1X»1252X»2515)

PRINT 7, (NNC(LL),LL=LXA,LXB)
FORMAT(/7/7,4X52515,//11)

~ O Wl

A(LMN3;3840) = Q.
RETURN
END




e o A W

2.2 Problem B -- Task 1, Case 2

(Section 3.2 of Volume 1)

The following 11 pages list the computer program for the 159 x 64 x 24
cell -- 800 time step run of Problem B. The problem solved is penetration

of a 19.0 cm diameter, 68.5 cm long, open-ended aluminum cylinder by a 300 MHz
plane wave at broadside incidence and TM polarization.
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- A AT

PHOGRAM FDTN(INPUT4OUTPUTTAPE6O=INPUT s TAPEE=TAPES)

RUN TASK]l== STEADY 00 MHZ PLAME WAVE JRRADIATION OF A
_19.0 CM DIAMETER, €8,5 CM | ONGe OPEN-ENDED

ALUMINUM CYLINDER
CASE I1- T» POLARIZATION OF YHE INCIDENT WAVE

RROADSIDE INCIDEMCE
INCIDENT wAVE COMPONENTS HZ AND EX
159 X 64 X 24 CELL CUBIC SPACE LATTICE IS USED
UNIT CFLL DIAMETER = DX = 0,5 CM = WAVELENGTH/200
EVEN SYMMETRY ABOUT ILATTICE PLANE 7 = 24.5#DX IS ASSUMED
OF ‘M_WAVE SQURCF NDITION AT PLA = o
SOFT LATTICE THUNCATIONS ARE USED
PROGRAM 1S OPTIMIZED FOR Tht CDC STAR=100

AP DOO O OO

REA) MURMUZ
DIMENSTION A (2422500) +CEXR(2P45T60) ¢yCEYB(245T760)4CEZB(265760) ¢
1 PD(160) eMD(24) AL (24) AR (24) o CA(9) o
CR(9) oFPS () 9SIG(3) KEXB(19) yKEXC(19)
CQMMQN AsCEXHGCEYRLCEZR
DESCRIPTOP D1eD2eD34N4eNFDoBVEYsAY14A2
BIT BYHRBR(3H40) 4HYRBY (159)
ASSIGN BV.REH(]131384n)
ASSIGN BY,BRY(13159)
ASSIGN D44DD(13159)
Tl = SECOND(CP)
PRINT 150, T1
150 FORMAT (F20,5)

c
C assssle FPHROBLEM PARAMETERS 0o,
FREQ = 3,0Fe«8
DX = 0,005
MPR = 7
DATA FPS/1.0¢ 1.9 _le.0/
DATA S1G/0.00 3.7F+7, 0s01/
NMAX = BOC
C
Cc 000asCYLINDER GFOMFETRY DESCRIPTIONenaes

DATA KEXR/194160149130120119100998089T9707969696969606/

OATA KEXC/P49]99160140)1301221191009¢B8280797270646960606/
C

Pl = 3,14159265

MUZ = 4,0 ® Pl & ]1,0F«7

EPSZ = K. KS94F=-12

DI = DX / 6,0t+8

NHA, F = 0,5 /7 FREQ 7 DT

R = NY 7 7.0 / EPSZ

RA = NDYwap , DXas2 /7 MYz / EPSZ
_ By = DY / DX _/ MUYZ

RC = 1,06¢4 / R / 77,0

RD = 2,0 # P] & FREN @ DT

IPUN = 0

16
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CA(139) = 0,
CB(139) = 0,

DO 1 KK=1,24
MQIKK) = 160 # (KKe=1)

DO 2 ISIQMPR
EAF = p & SIG(]) 7/ FPS(I)

" CA(I) = (1,0=EAF) / (1.0+EAF)

2 CB(I) = RA 7 EPS(]I) 7 (1.0+EAF)

sonaallle 1 OAD VECTOR Aasaaa

opo

eeeeeZERO INITIAL FIELDSseeee
DO 3 I=1+6%

IDEL = (I-1) # 3690n

3 A(IDF] +1836900) = 0,

A(2398501824000) = n,

O OO0

eese o TYPE OF MFNIUM, 0e00
2200sANISOTROPIC 1 OSSY AJR.0qeea

DO 4 I=1.64
IDEL = (I-1) # 36900

A(IDEL+133R40) = 1,
A(IDE| +816183840) = 3,

A(IDEL+1632133840) = 3,

eee 0 s BROADSIDF CIRCULAR CYLINDER,soee
DO 14 |=15.31

IDEL (I=1) # 36900
IDEM = 1436900

KB = KEXB(I=14)
KC = KEXC(]I=14)

DO 7 K=KBeKC
A(IDFl 211 (Ke1)#1603137)

"
A
3

KD = KC + 1
DO B K=KDe24

A(IDEL+11+(K=1)#1608137) 3.

A(IDEM+8171+ (KB=1)21408136
DO 10 K=KB.24 :

2,

10

A(IDEM+B308+ (K=1)%1AN) = 2

KB = KEXB(I<14) + 1
IF(KR,GT.KC)YGO TO 9

12 A{IDF| +16331+ (K-1)#1503138)

00 12 K=KB.KC

La

DO 13 k=KB+24

13 A(IDF| ¢16&HRs (K=1)03160) = 24

c

1A = 67 = 1

IDELA = (IA=]1) # 36900

—— A(IDFLA+)383R40) = A(TDFL+1836R40)

A(IDELA+1632133840) = A(IDEL+1632133840)
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AT

C
c eoosoeMEDIA COFFFICIFNTS . 0ses

ASSIGN Al,,DYN,3840
 ASSIGN A2,.DYN,.3840

ASSIGN NFDe,DYN4384N

Al = 0

A2 = 0,

DO 23 I=l.64

IDEL = (I=1) # 36900
IDEM = (J=1) @& 3540

NED = A(IDFlL +133840)

DO 20 JJ=1sMPR

BY = NFD.EG,JJ

Al = QBVCTRL(CA(JJ) «RVIAL)
20 A2 = QRVCTRL (CB(JJ) «RVEAR)

A(IDEL+133840) = Al

CEXB(IDEM+133R40) = a2

NFD = A(IDEL+B16133R40)

D0 21 JJ=1sMPR

8V NFD.EB,JJ

Al QAVCTRL (CA (JJ) «RVEAL)
2] A? QRAVCTRL (CB (JJ) 4RVIAR)

A(IDEL+816133840) = a]

CEYB(JDEM+]133840) = A2

NFD = A(IDFL+1632133R40)

DO 22 JJ=1.MPR

BV = NFD,EQ,.JJ

Al ORVCTRL (CA(JJ) +RVEAL)

22 A2 = NRVCTRL(CB(JJ) RYSAD)

A(IDEL+1632133R40) = A]
__23 CFZB(IDEM+133860) = A2

FREE

A(R1618%3R40) = 0O,

T2 = SECOND(CP)
PRINT 150,72

(o ..oooIVo TIMF"STEPPING LOopooooo
DO 200 N=]eNMAX
TERM = SIN(FLOAT(N)#rD)
MCAL] = 3 « JFIX(FLOAT(N)/6,0)
IF (NC‘*' 9-.GT.21)MCALL :21

vens« TPANSVERSF PLANE NOo leosss
aatsHXe HZ TRUNCATIONS sgaea
AL400154000) = A(H16134000)

. _A{e14136000) = A{4090136000)
A(2032134000) = A(2864134000)
A(2866184000) = A(5722184000)

O OO
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c_ J.‘.-HY ILERATION-LL.‘
ASSIGN D1+,0YN,3679

_ _ASSIGN D2?,,DYN.3679
A(12161) = 0,5 ® (A(1616))+A()6]1672))

= & *

1 +A(161533157))
A(12319) = 0.5 ¢ (A(16318)«A(1€63191)
A(161A13159) = A(1232]13]159)

Dl = A(12321313679)
D? = A(2464133679) - A(P44E]133679) + A(3301133679)
1 - A(33012383679)
A{1232133679) = D]l ~ D2
FREE
c
C AnnnnTRANSVEBSr pLANESj’b&.L‘..
DO 82 JY=1eMCALL
JREL = (JY=1) # 110700
JDEM = (JY=]1) # 115720
c .
c eeosoHX ITERATIONGeoes
ASSIGN DlsoDYNe.36TH
C
N0 30 MA=1,3
M = JOEL + 36900#%# (MA=1)
C
c 2es2aSOFT LATTICE TRUNCATION.a2a4s
A(40902+M) = 0,5 & (A (44902+M)+A(449034M))
A(L0903eM3156) = 0,333 & (A(44902+M3156)+A(44903eM3]156)
| 1 +A(449064+M3156))
i A(61059¢M) = 0,5 # (p(4505R+M)+A(4650594M))
A(46902P+M3158) = A(41062+M3158)
i C
% C seeeoeMAIN HX LNOPS,e00e ”
Dl = A(4)106K2+M33678) ’ 3
D2 = A(69912+M33678B) = A(33012+M313678) + A(K554P7+M33678)
1 = A(HK5T702+M33678)
30 A(61062+¢M33678) = DY = D?
__FRFF
C

€ o eaaeaBY ITERATION,aqaa
ASSIGN D1ls.DYN.3679
_ASSIGN D2¢,DYN,3679

c
DO 40 MA=1,3
M = JDEL + 36900%(MA-])
C
c ....OSOFT LATTICE TQUNCATION.....
—A(49061¢M) = 0,5 ¢ (A(SI06]1+M)+A(S306PM))
A(49062+M3157) = 0.2323 & (A(53061+M3157)+A(53062+M2115T)
1 +A(S30A3eME1157))

A(49219eM) = 0,5 # (A(53218+M)+Aa(532]19+¢M))
— — A(S3061+M3159) = A(4Q22]1¢M315Y)
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C
c eoeosoMAIN HY | OOPS . casa
D1 = A(49221%3367G)
- - L 4
1 = A{690]124M13679)
40 A(4922)14M33679) = D) « D2
FREE
c
c l...OHZ ITEQATTON.C.I.
ASSIGN D1,.0YNL3IBR3Y
ASSIGN D2+.DYN,383G
c_
DO S0 MA=1,3
M = JNFlL + 36900% (MA-1}
c
c cosseMAIN HZ | O0PS  0eea
Dl = A(STZ221+%13R39)
D2 = A(65562¢Mi3AT9) ~ A(6S5541+MI3IRIG) + A(244B1eM3I3BIAG)
1 - A(~K]1381+M33839)
A({S7221+M33R839) = D} = D2
C

C.a__*__~_—’++‘+hZ_SQ£I_I£M_MAM£_SQMB£E_LﬂNDlllDN44+¢+___________
IF(JUYBE 2 0RMALE,2)GO TO 47
A(13102133P3Q) = Tfpm o A{(13]102133839)

C
C__ revoooHZ HOR, PLANF ENVEL OPF COMPUTATION oy o
47 D4 = VABS(A(60901+M3159)3D4)
RY = D4.GT.A(61221+M3165G9)
50 A(61221eM3156) = OBVCTRL (D4sHYSA(61221+4M5159))
C
C .....EX ITE“ATTON'Q...
ASSIGN D3..0DYN,.36839
c
DO 60 MA=],3
M = JDFL + 36900% (Maal)
MM = JDEM + 3B40#(Mp=-])
o
C .LOQCMAIN Ex LonpsolOOO
D1 = A(244B1+M33R39) & A(1+M3I38309)
D2 = A(12321+M13839) « A(12]161+M33839) + A(20321+M3$3839)
1 - A{ST7221+M33839)
N3 = CFXR(1+MM33H39y # D2
A{P44R1+M33839) = D) - D3
c
o sesrssf X HOR, P| ANE ENVELOPE COMPUTATION.ccee
D& = VABS(A(2#161+eM3:159)304)
HY = P4 ,GTA(28468]1+M3150)
'; ___ €N A(pPpLc]e13]159) = QBYCTRL(D4sHYSA(2R48]eM3159))
FREE
f‘
: C
i r esoesfY ITERATTIOAN oo

ASSIGN Dls.0YN, 3B3R
ASSIGN D2..,DYN,3R3N




3 ASSIGN D3e,DYN,3838

1 c
, DO 70 MA=]1,3
' M = UDEL + 36900%#(MA-1)
MM = JDEM + 3H40% (MA=])
c
¢ 2e2aeSOFT [ATTICE TRUNCATIONS.asase
c eveeelLEFT TRUNCATIONsesoe
AL(1) = 0,5 # (A(69541+M)+A(69%424M))
AL(23722) = 0,333 8 (A(69546]1+4M322)+A(69562+M822)
1 +A(69543eM122))
AL(24) = 04333 ¢ (A(AR9SE3+M)+2,0#A(69564+M))
: c
P c eeessRIGHT TRUNMCATIONsoeos

AR(]1) = 0,5 # (A(69SC6+M)+A(6YHET+M))

s AR(2322) = 0,333 # (A(69566+M322)+A(6956T+M322)
i 1 +A(6956Re¢M322))
AR(24) = 0,333 & (A(F95884M)+2,04A(69589+M))

C
DO 61 KK=1,424
MLE = M ¢ KK
MRI = M + MQ(KK)
A(69540+ME) = A(65542+4MR]) 3
61 A(69565+MLE) = A(656099+¢MR])
c
o eeseeMAIN EY LOOPS 0000
Dl = A(65542+M33R3R) # A(465062+M33838)
D2 = A(5T7222+M33838) « A(57221+M33838) + A(4N9027+M3I3R38)

1 - A(4]1062+4M33R38)
D3 = CEYB(3842+MMI3Rr38) # D2
A(65542+M83R3E) = D] = D3

DO 69 KK=1,24

MLE = M.+ MQ(KK)

A(65541+MLE) = Al (KK)
69 A(GSTO0+MLE) = AR (KK)

mem‘nrﬂ,m«,w-
[¢]

c ;
c eeeesEY HOR, P ANE ENVELOFE COMPUTATION.eees t
D4 = YABS (A(6922])+M2159)3D4)
BY = D4oGT,A(69591+M3159)
70 A(6959]1+M8]159) = QBYCTR| (D4oHYSA(6959)+M3159))
FREE

c 1-
C " seesefZ ITERATION oo
ASSIGN D1ls.DYNL3678
ASSIGN D2.,DYN,367A
ASSIGN D34.DYNL36TH

C
DO 80 MA=1,3
M = JDFL + 36900%® (Ma=])
MM = IDEM + 3840% (MA-1)
c
C o seseaSOFY LATTICE TRUNCATIONSasasa
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Yoo

C eooeel EFT TRUNCATIONeoeee
AL (P) = (0.5 # (A(36Pa2eM)+A(36H534M))
AL(3321) = 0,333 ¢ (A(3RRH2+M32]1)+A(3ARB3IeME2])
1 _+8(36454+M8211))
AL(24) = 0.5 # (A(3AAT3+eM)+A(368T4+M))

C
c eeeseRIGHT TRUMCATION eess
AR(2) = 0,5 & (A(3687T+M)+A(36878+M))
AR(33271) = 0,333 # (A(36ARTT+M32]1)+A(368T8+M32])
1 _+A(36RT9eMI21))
AR(24) = 01,5 # (A(3RRIReM) +A(368G9+M))
c

DO 71 KK=1e24
MLF = M &« KK
MRT = M ¢ MQ(KK)
. A(3ARSDeMIF) = A(3PRKPeMR])
T1 A{(36875+MLE) = A(33009+MR])

c

C .....MAIN EZ LnnpSOOOOI
D1 = A(33012+ME367T8) # A(lR4GB2+M33IATR)
D? = A(41062+M33678) =~ A(4162+M33678) + A(12321+M33678)
1 - A'IZaZZ*M!!ﬁZE.
D3 = CFZB(162+mM33678) & D2

— . A(330)2+M13678) = D) - D3

c

DO RO KK=1424
MLE = ¥ ¢ MQ(KK)
Al(32851eM F) = Al (KK)
R0 A(33010¢MLE)Y = AR (KK)
FREFE
82 CONTINUE
- IF(MCALLLLF,20)G0 TN 94
c

C eooes TRANSVERSE Pl ANF NDo 6542400
M = A3 # 36900

[

c ceossehlXe HZ TRIINCATIONSconee

—— Al409Nn1+M34000) = A(369N)sMIL000)
A(36901+M34000) = Ar4506)+M34000)
A(4SQA14MR4000) = A(400)eME40GD0)

c
A(ST7221+M24000) = A(S3221+4M346000)
A(S3221+M34000) = A(A13K)14M34000)
A(613R)1+M3400N) = A(20321+M34000)

C

c sessebX ITERATIO~).1)14,

ASSIGN DleeDYN.3839
ASSICN D2esDYN,3839
ASSICGN D34.DYN,3839

Dl = A(Pc48]e¢153839) ® CA(]1)

N2 = A(12321+¢M33839) = A(12161+M33839) + A(20321eM3$3839)
1 = A(ST221+M33839)
D3 = cR(1) # D2
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R A(264R]1+M33839) = D] = D3I

" D6 = VABS (A(7B161+M2159)§D4)

‘ BY = D4.GT,A(2H468]1+4M12]159)

A(2B4R1+M3150) = QRVCTRL (D4snY3A(28461+M3159))

FREE .

patatt e

c aanaefFZ JTERATTON g aase

{ ASSIGN Dle.DYN.3678

, ASSIGN D?24,DYN,367R

i ASSIGN D3+,DYN.3678

' AL(P2) = 0,5 & (A(36u52+M)+A(36H534M)) |
AL (3321) = 0,333 ® (A(36852+4M12])) +A(36853+M12]) !

1 +A (36R546+M22]1))
AL (24) 0.5 # (A(3ARAT34M)+A(368T4+M))

[ ]

AR(2) = 0,5 # (A(R6ATT+M)+A(368B78+M))
3 AR(3321) 0,333 & (B(368TT+MI2]1)+A(368T78+M321)
1 +A(368TI+MiL])) ;
AR(24) = 0,5 # (A(3AR9R+M)+A(3689G4+M)) !
DO 91 KkK=]424
MLE = M « KK
MR] = M ¢ MQ(KK)
A(36B50+MLE) = A(32RK82+MR])
9] A(3687S+MLE) = A(33009+MR])
D1 = A(33012+M33676) # CA(3)
D2 = A(4]1062+M336TH) = A(4]62+M3IAT8B) + A(1232]1+4M33678)
3 1 - A(12322+M33678)
3 D3 = CR(3) # D2
i

A(33012+M33678) = D] = D3
DO 92 KK=]1,24
MLE = M ¢+ MQ(KK)
A(32851+M F) = Al (KK)

92 A(33010eMLE) = AR(KK)
FREF

c aasasVERT, PLANFE ENVELOPF COMPUTATIONG g 4aa
94 ASSIGN Dl OQDYNQ3840
ASSIGN D24,DYN,3840
M = 32 # 36900
MZ = A5 # 36900

c seaaabX ENVEl OPFeaaas
D2 VABS (A (40901+M11840)302)
BY D2.GT.A(MZ+133840)
A(MZ+133840) = QBVCTOL(D2+RV3IA(MZ+133840))

c
c esseeHMY ENVELOPF oeeee
- D1 0.5 # (A(12161+m33840)+A(4090K]1+ME3R40)) ;

D2 VABS (D180 2)
___BY = DP.GT.A(MZ+4007133840) ‘
A(MZ+400183840) = QRVCTRL(D2sHVEA(MZ¢400133840))

C
c esoeoHZ ENVELOPFoeee0
D2 = VARS(A(ST221+M32840)802)
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RV = D2,GT.A(MZ+800113840)

A(MZe 3384 = ) *
C
C scanafbX ENVELOPF qnnaa
Dl = 0,5 # (A(246481+m33840)¢A(6]13R1+M33840)) \
D2 = yABS(D13D2)
BV = D2.,6T.A(MZ+1200n133840)
A(MZ741200183840) = 0aVCTRL (DP2sHVEA(MZ+]1200133R840))
o
c easnetY ENVE|OPFonane

D2 = VABS(A(655%6]1+M33840)3D2)

BY = D2.GT. A(MZ+16001383840)
A(”Z’l6001338h0) = NAVCTRL(D2+BVIA(MZ+1600133840))

Cc
C IRPRP X 4 ENVELOPF.....
Dl = 0,5 # (A(32851+M33840)*A(69751eM53840))
D2 = VARS(D13D2)
BY = N2.GT.A(MZ+200Nn133840)
A(MZ+2000133840) = ARVCTRL(D2+BV3IA(MZ+2000133840))
FREE
T3 = SFCOND (CP)
PPINT 150 T3
c
o nanasf IFLD ENVE) OPF PRINTOUT ROUTINE anaaa

DO 100 L=NHALF ¢NMAXNHALF
IF(NFQLL IGO0 TO 1G]

100 CONTINUE
IE (N EQNMAXYIGO TO 10}
GO TO 199

c
o eeseeshT HORIZONTAL SYMMETRY PLANEseeee
101 IF(N,FOLNMAX) IPUN=]
PRINT 102¢ N
102 FORMAT(1H)+S2Xe2THHZ ENVFLOPF FOR TIMFE STEP =,18,
1 /762X 1SHPI_ANE 7 = ?4*Dx.//,ZXo1HJ /)
o CALL ENVH(2432]110000.0,TPUN)
c

PRINT 1034 N
103 FORMAT (1H1+52Xs2THEX ENVELOPE FOR TIME STEP =,1S5,

1 LLs62Xe1SHP|ANE 7 = 26%DX s //92XelHJpsy = =~
CALL EMVH(2R4R]14RCy IPUN)

[

PRINT 1064, N

1046 FORMAT(1H]1+%2Xe2THFEY ENVFIOPE FOR TIMF STEP =,18,
1 //962Xs1SHP| ANE Z = 24%0Xy//92X91HJe /)
CAL|L ENVHI3269]1 «RCaIPIIN)

c
C eesssAT VERTICAIL SYMMFTRY P} ANF,qoq0na

PHRINT 105¢ N
105 FORMAT(IH1+52Xe27HHx FNVFLOPF FOR TIMF STEP =,1S,
1 //962X01THPI ANE Y = 32,5%DXe//02X01HKe/)
CALL ENVV(1410000,0,TPUN)

c
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w

|

1 —— PRINT J0fs N

1 106 FORMAT (1H1 452X« ?2THHY ENVELOPE FOR TIME STEP =418,
! 1 2/062XesVTHPIANF Y = 37.58DXe//e2XelHKoZ)

CALL FNVV(400]1000n0,041PUN)

- PRINT 107« N

3 107 FORMAT (1H1+52Xe27HH7 ENVELOPE FOR TIME STEP =,14,
5 1 77962X9e 1THPI ANE Y = 32.54DXo//e2XelHK g /)
CALL FNVVI(EN01410000,04TPUN)

; —_— .

PRINT 108+ N e e
10R FORMAT (1HY 52X 2THEY ENVELOPE FOR TIME STFP =,15,

1 //a62Xs 1THPLANFE ¥ = 32,58%NXe//s2Xe1KHKe/)

CALL ENVV(]120014PC,yTRPUN)

3 PRINT 1094 N

4 109 FORMAT (1H]1e52X92THFY ENVELOFE FOK TIME STEP =415,
1 /7/73€2Xe1THPI ANE ¥ = 32.50DXe//e2Xe1HK /)
CALL FNVV(16001+KRCy IPUN)

(of
é PRINT 1104 N ) S
110 FORPMAT (1H] ¢52X+27THE7 ENVELOPE FOR TIMF STEP =415,
1l /7262101 THP| aNE Y = 32,54DXe//e2X9]1tKe/)
CALL ENVV(20001+RCeIPUN)
C

199 CONTINUE

200 CONTINUE
T4 = SECOND (CH)
PRINT 150. T4
STOP
END

SUBROUTINE ENVH(LOCA,SCALE s IFPUNCH)
DIMENSION A(2422500) 1P (10240) enN(160)
COMMON A
DO 9 J=1,160

9 NN(I) = I )

DO 1 LY=2.64
LOC = 1 0OCA + (LY=1)#346900
i LOCI =1 ¢ (LY=1)®1Aan

IP(1LOCYI¥160) = SCalF # A([NCS)H0)
1 A(LOCS3160) = 0,

Y

IF(IPUNCH,EQ,01G0 Tn &

DO 2 1 Y=158,452

LOCI =1 ¢ (LY=1)#]AD

LOCII = LOCI + 1S#u
2 WRITF (Re3) (IP(LL) «1.L=LOCToLGCIT)
3_FORMAT (1615)

O

4 DO 7 1 X=1ek i
LXA = 6§ ¢ (LX=])%25
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,W“~ﬁm.uunmm-nuHlMIlIH!!HH-!!'-!!!lH!Il-IIIH-llﬂl‘-'-l-".l-ﬂ-'-F-'!

LXH = XA o 24

PO S5 LY=2464
LYY = 6 = 1Y

LOCY = LXA + (LYY=11#160
LOCII = LGCY + P&

FORMAT (1 Xe[22%42519%)

PRINT Ay LYYe (IP(LL)«LL=LOCIsLOCII)

PRINT Re (NN(LL) oLL=L XAsLXR)
FORMAY (//24Xe251Se/2/22)

o~ N

_RETURN

£an

SUKROUTINE FNVV(LOC74SCALE s IPLUNCH)

NIMENSTION A (Pa?2500) JNN(160)sIPR(25),IPP(16N)

COMMON A

DO A I=14160
A NMN(TY =1

LMN = [ O0CZ + 6534600

C
IF (IPHINCHEQ,0)1GO Tn 13
DO 1 1 7=1e24
LOC = ILMN ¢+ (LZ=1)%140
e IPP(13159) = SCALF # A(LQOCI159Y)
1 WPITE(Re2) (IPP(LLYLL=1e15Y)
? FORMAT (1615%)
¢
3 DO A L X=1leb
LXA = & ¢ (LX=1)%?75
LXB = LXA ¢+ P&
DO 4 L7=1e74
L2Z2 = 25 - \Z
LOC = LMN ¢ (LZ2Z=1)4160 + LXA~]
IPR(132%) = SCALF ® a(lL0C329)
4 PRINT Se¢ L27«¢ (IPR{LL)sLL=1e25)
& FORMAT (1Xel242XeP518)
: & PRINT 74 (NN(LL)YoLL=| XA4LXR)
| 7T FORMAT(//e6Xe2S515a//27)
C
A(LMNEI3R4N) = O,
RETURN

END




T TIO  NA ut mtpm ineignTp

2.3 Problem C -- Task 2, Case 1
(Section 4.1 of Volume 1)-

The following 10 pages list the computer program for the 24 x 100 x 24
cell -- 1800 time step run of Problem C. The problem solved is penetration
of a 12.8 cm diameter, 28 c¢m Tong, missile guidance section by a 300 MHz
plane wave at axial incidence, for the case of the interior dielectric com-

ponents modeled.
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RN

OO

7

ASSIGN
ACS TGN
ASSIGN
SFCOND (CF)
PPINT 150, Tt
150 FORMAT

T1] =

FRFO
DX =
MpPR

NmA X
M A X

ON

PT =
Mz
rFpey
nY =

R =
b
W
v
KM
TPuN

MMELF

0

-
=

3

n

PROGRAM FIETN (INPUTCOUTPUTTAPFANSINPUT 9 TAPFR=TAPER)

TACKP == STEADY 3IN0 MHZ FLEMNE WAVE TRRAQIATION OF A

1278 M DIAMETER MISSILF GUIDANCE SECTION

CASF T= INTFRIGR DIFLFCTRIC COMPONFNTS MODELED

axlal INCIDENCF
INCIDENT WAVE COMPONENTS EFZ AND HX

26 X 100 X 24 CELL CURIC SPACF LATTICE IS USED
UMIT CELL NTIAMETFK = DX = 0,33 CM = WAVELFNGTH/300
FVFN SYMMETRY aROUT LATTICF PLANFS X = 26,.,5#0x anD

= DL NBUX TS ASSHMED

SOFT TFM WAVE SOUPCE CONDBITION IS USED AT PLANE Y = 3,0#D)
SOFT LATTICFE TFUNCATIONS ARE USED
PROGRAM IS OPTIMIZEN FOR THE (NC STAR=-100

QFAL MIPe MUTZ
DIMENSTON A (R9G536) oCFXR(600N0Q) 4CFYR(ADD00) «CEZB(H0000) o

Z(SG3A) e LAA(6ND) sAA(2R) 4DD(24)9DE(24)9CAL9),
CR(G) 4EPS(6)9SIG(E)

COMMON AoCF xFoCFYPCEZR

NESCRIPTOR P1eN2eNA4NG o NEINFLIeB] ¢AP oKV eRWeBX 4RY
HIT RVGRRE(AN0) ¢ HWoeRRW(ANN) ¢4XeBBY (600) ¢ RY eERY (24)
ACSIAM
ASSIGN
ASSIGN

RV FRE(15A00)
PWebHFW(128AN0)
EXerkX()3600)
RY ¢RRY (]1324)
DayiD(1324)
NBNE(13:24)

(F20.,5)

ene oI. VPORL}—M PADAM[- TFPS. [ XN}
A,NF 4R
«01/3,0

A
DATA EPS/ 1,0, 1.0, 1409 SeSy 445 5.3
NATA SIG/ 0u0s 3.7F¢7a 0,054 0.00269 0,0008, 0,0

/
/
1800
1800

.".II. RASIC ANn DEPIVED CONSTANTS.....
014159245

1‘.0 L pI * lonF"-,

FabkR4F=1?
X / A NE+R

= 0,58 7/ FRF0Q /7 DT
NPT 7/ 2.0 / FPS7

NY#ep , Nxeap , MUZ / FPSZ
NT O/ BX 7 MUZ

|
>

JCF+a / WH
NPT ® FRFQ & NT

>




HOO

55

4]

CA(1t9)
CF(189)
BW = QRVMKD[]e?P5H3RW)

HX = NRAVMKZ (P4 4253KX)

NO 2 T=14MFR

FAF = P # SIG(I) 7 FPS(I])

0.
0,

cacl)

(1eN=FAF) /7 (1aCeEBF)

CR(I) = RA / FPS(T) / (1.,0+FAF)

eeeeelTle LOBMD VECTNOR Doaaae
oocoo?FpO IMTTTAL FIE[PQ.....

Z(135936) = 0,
A(135936) = 0,
A(R9360135036) = 0,

acess TYPF OF MEDTUM, 400

READ (6N el oFND=P0]14FRR=201)
FORPMAT (75F1.0)

PEAD (€004 oFND=P0] 4FRR=201)
RFAD (AP ek ¢ END=Z0]14FRR=201)
DO K JsPet

JNEL = (J=1) # 5636
A(UDFL+135¢36) = Z2(135936)

D0 &8 J=7T,414

RFAD (ANe4+END=P01FRR=201)
RFEAN (RN eboEMN=20]1 sFRR=?701)
READ (AN & oEND=20]1FRRE=20))
JRFL = (J=1) # K934

A(JDEL «1356G3R) = 7Z(185936)

NO 6 JAS1S¢T1e7

READ (AN 4 4ENN=20]1 FRR=2N])
READ(60.4.FNP=?(|1.F&R=?“1)
READ (AN a4 o FMR=P01+FPR=201)
JDFIL = (JA=]1) # 5036
A(JUNEL¢135Q3¢) = 7(13593A)
RFAD (AN 46 4FND=20]1 4FRR=201)
RFAD (AN o4 oFNN=20]1 FERR=201)
DO A& JR=] 46

JPFL. = (JAeJF=]1) # 5934
A(JDEL.+1385636) = Z(138593F)
DO 7 U=93,100

JOEL = (J=1) * 5934

A(JUNFEI. +188Q3K) = 7(138893~)

READN (AP o6 4ENN=Z20] 4FRR=201)
READ (€N o4 gEND=20]) ¢ERR=20])
REFAD (60e4 sFMN=20]14ERR=201)
N0 R J=T75,77

JOFL = (J=1) ® 59134
A{JUDFEL+18503¢&) = 7(13593¢)

29

(Z(1)e1=14K00)

(Z(1)e1=260143200)
(Z(1)eI=130141900)

(Z(1)eI=19600)
(Z(1)41=260143200)
(7Z(I)eI=130191300)

(Z(IYeI=149600)
(Z(T)sT=2m01+3200)
(7(1)e1=1301,1900)

(Z(I)eT=14500)
(Z(1)e1=2601+3201)

{(Z(1)eT=1e600)
(Z(I)e1=260163200)
(7(1)5sI=1301e1900)

e et - MAARGI) s wh A




1N

11

#EAn(60.4.5N0=201-ERR=?01)
J = 7K

JPFL = (J=1) # 5936

A(JUDFL +13858936) = Z7(115936)

REBAD(ANeb o ENN=PN] 4FRR=2N])
REAN(ANea FND=Z014ERR=20])
J = 79

JDFL = (J=1) & 5934
A(JNFL+135C2K) = 7(1385934)

RFAN(FNebsFND=Z014FRR=20])
RFAN (6N ¢4 ENN=201ERP=201)
SEAD (AP a4 FNN=2014FERR=201)
NN 9 (I=Af.H4

JPFL = (J=1) # %934

A(UDEL +135%836) = 7(181593A)

RFAD (6094 4ENDN=2014FRR=201)
J = KRR

JNFL = (J=1) # 50634
A(JNEL+123RCRR) = 7(135934)

QEAN(ANeb o FNN= 01 o FRR=201)
REFAD (AN 44 4FAN=20]4FRR=20Y)
RELD (6N el oFMND=2014ERR=201)
DO 10 JU=REHRT

JDFL = (J=1) # QGR4

A(JUNF] +13¢G3¢) = 7(139936)

RFAN (AN G4 JEMD=20]1 oFRR=201)
RFAN(FNebsEND=2N14ERR=201)
RFAND (AN o4 FNI=20] 4ERR=201)
NN 1] J=HEF 9]

JOFL = (J=1) & 593

A(UNFL +1858C3¢) = Z(138593A)

RFAD(6NsLoFND=2014EQR=201)
KFEAN(ANek o FNL =201 4FRR=201)
J = Q9?2

JREL = (Je=1) # 503¢

A(JDFI ¢]128503/) = 7(131593A)

(2(1)91=130191900)

(Z(1)sI=1ehAN0)
(Z(1)s122601+3200)

(Z(1)eT=14A00)
(Z(1)e1=260193200)
(Z(1)s1=130151900)

(Z(1)s1=1301+1900)

(Z(I)eI=1eHA00)
(Z(1)91=2601+3200)
(Z(1)eI=130141900)

(Z(I)eI=14600)
(Z(T)eI=2601+3200)
(Z(1)e1=1301+1900)

(Z(1)eI=14600)
(Z(1)e1=26013200)

ess- o MENTA COEFFICIFNTSaeoss

ACSSIGN AlesNYN,AQN

ASSTHRAN AP NYMGAND

ACC TGN NFT e NYR,A0D
8] = N,

A7 = N0,

N P23 J=P.100
JPFL, {(J=1)

JPFM = (J=])

# KQ3m
# ADOD
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20

’1

23

e e

NFD = A(JFL 436N
DO 20 JJ=]1eMPH

RY = MFnoFOoJJ :
Al = QAVCTFL (CA(JJ)eRVEIAL) i
A2 = ORVETHL(CH(JJ) +RVIAD) ;

A(JINEL+Y3ERD) = A) i
CFXR(JNEML]SARNG) = AP i

NFD = A(JUPFL+1301%400)
NO 21 JJ=) gMPk

i b AT et

BV = MFDGFEC YYD
Al = ORVCTRL (LA (JI)aRVIAYL)
A2 = DRVCTRL(CH (JJ) +RVEIAD)

A(JNEL+13013A00) = A)]
CEYR(JUDFM+13600) = A2

MED = A(JNFL+260128000)

A0 22 Jd=)erer

RV NFRGF O, U

A) NAVECTHL (CA(JJ) oRVEATL)
A2 = NDAVCTRI (CH(J) «RVEA2)
B(JDEL +2AC12E0GN) = B
CFZR(JNFEmMm+12£€00) = AP

FRFE

T2 = SFCONM(CPF)
PPINT 150. T2

o.o..]vo TI"F-QTFDPIN(’ L(np.'.oo
NO 200 M=) oNMAX
TEPM = SIN(FLUAT(N) @) # Rk
MEOALL = 3 + TFIX(FLOAT(N)/E,0) .
TF(MCALL.GT,,33)MCALL=33 3

eoses TRAMSVFPSE PIANF NOy Joa00e
loocoFXO h? Tp””CATIﬂNCQOQ.Q

A(6P6262%) = A(13APS)

A(13h75) = A(FHKP1625)

A(32763672%) = A(260]13625)

A(PAN12362%) = A(Q1F£21AR25)

e

eeseebtY ITEP’TION....' b
ASSTIGM D]eNYN 674
ASSIGN N2e NYN,ST4
ASCSIGN D3esDYNGHTSL
8(192h) = F,5 % (A(?255]1)+2(2957))
A(1927827) = 0,333 # (A(PRRVI2,)+A(PDRLZ327) +2 (P258381272))
A(1949Q) = (,333 & (A(PST73) ¢ F8A(PRT4))
A(PRR1224) = 2 (]195]224)

N1 = CA(3) # A(105]11874)
N? = A(3A9P2A3RT4) = A(3ANYE5T4) + A(S2TR88T4) = A(SPTTE9T6)
D = CR(3) & Dy
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A(195)2%T4) = 1] + N3
FREF

tesas TRANSVFOSFE PLANES 2 = J0N,,000
N0 R2 dY=]emCALL
JDEL = (JY=1) ®# 17F0R
JEM = (UY=1) # 1a00

vesedF X ITFROTIONG qee
ASSIGN D)4 NYM,573
BESTAN NP4 NYH K73
ASSTIGM DR3eaPYFR RT3

¢ 30 MAz=] 43
M = JNFL + RQir#(MA=])
MM = UNEM o+ 0GR (MA=])

sesaeSOFT {ATTICE TRUNCATION.eeeo
A(ARATIeM) = N6 % (A(TI1RFeM)+A(T]1RCeM))
Q{ASAL+MEIPTY = D,33F & (A(T]1FRFE+MI21)+A(T189eMms2])
1 +A(T190em321))
B(RGRR M) = N6 & (A(T209+M)+2(T2104M))
A(T1RA4M3Z23) = A(ARKReMIPI)

....."'AIR Fx L{')OP_:.....
N A(SQRA+MINTI) & A (FRHFeMILTI)
e B(1171ReMIBTR) @A (BPTTeMISTI) A (1051360387
1 =A(1N538+M35T3)
K| CRXB (EPT+MMIBTI) # NP v
20 A(ARRAGMIETI) = (] « N3
FRFF

oo..oFY ITFROTInN.....
AQQIGN r’l OODYM0574
ASSIAM D24 NYMeBTa
ASSTAN N3 ,NYN5T4

N0 40 vAZ]47
m oz UNFL 4+ RQARa(MAe])
MM = NEM + ANUR (VMAS])

000eeSOFT LATTICE TRUMCATIONeeoee
BITRADIM) = Na= & (B(RGAT+M)eA(HGRR4M))
A(TRARIMEIP?) = Na33Y & (A(R4GHT+MIZDP)+A(PLRR4ME2D)
1 +A(HGRI+MEDD) )
A(TARR M) = (04333 # (A(HENOeM) ¢ 2, 08A(55]10eMm))
B 48TeME24) = A(TRATHMEIPA4)

.,,..."‘-IT"' FY LOODS...‘. l,"
AUTPEDariNTLY & N(TRETemEIT4)

1
v A(QAREDPamINTLY=A{QRRT4MIBTL)4A(112)127¢M3574)

Ny

[ ]

1 =A(11213+M38974)
n3

i

CHYR(FP+MMERT4LY # N2
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r ™ T T O U o Wj
| |
£ 1
: A(TRAT+M3%T74) = D) « D3 1
1 ¢ .
e eeesofY FEVFILOPE COMPUTATION .o qe0 '
D6 = RRYCMPRS (A(TRE]1+MIO0N) oX3iN4) i
DS = VARS (D4tDSH)
RY = D& ,GT, A (HR12+M324)
4N A (R5124M324) = QRVCTRL(NDRHYIL(RE1PeM324))
FRFE
(o}
C o.o..F7 ITFDbTIﬂN..... 3
ASSIGN D1y ,NPYNSBGG 1
ASSIAN D?24.DYM599 :
ASSIGN D2, ,NYM,5Q9
C
NO 50 MA=1,413
M = JDFL + GBG36# (MA=])
MM = UNEM + H00% (MA=])
Cc
C o.o..":AIN 2 4 LOOPSsasne
D] = A{RS53T+MINQ0) # A(G16£P+M3%Q0)
D2 = A(10F134M2I590)=A(]108]12+MI5G0)4A(3G0]+MISG0)
1 ~A(QH2T+M35Q0)
N3 = CFZE(AN]1+MME50Q) # D? ﬁ
A(916P+M35QT) = D] + N3
r
c ceeseFZ SOFT TFM WAVF SOULFCE AONNDITION eeee
TF(UYeGF 2, 0ReMAGLF (P)YGR0 TO 47 i
A{210343500) = TERPM + A(21073435590G)
C
L c ceeooF7 ENVELOPE COMPUTATIONssass
] 47 D& = VARS (A (Q73T7+M324)3D4)
BY = DGoGT,A(QTHRT+V324)
b A(9TRT+M324) = ORVCTRL(NAeBYIA(QTET+MLP4))
D4 = QAVCMPRS(A(FT161+MEANN) 94X 3Na)
D& = VARS(D4INS)
RY = NE,GT,A(9F]12+Mm324)
€0 A(QR12+M3P24) = QBVCTRLI(NS«HYSDA(GQRIP+t824))
[
C ..Ooo"’x ITEQATION.....
DO A0 MA=1,3
M = UDFL ¢ 5936#(MA=])
c
C OQOOQMAIM Hx LOOPS....O
D1 = A(3Q01+ME5QQ)
N?2 = A(195]1+MIRAY) A (10PA+MIN0L) 4 A(3P2RIMESLG)
1 ~h (9162 eMIRYY)
A(3901+M35QG) = D] + D2
o
C easeerX FNVELOPF COMPUTATION.seee

D4 = VARS(A(46TAemsP24)EN4)

BY = D4 oGTA(4926em124)

A(4826eM324) = QAVCTRLING«HYIA (45PA+ME24))
D4 = QRAVCMPRS(A(390N+M3AND) eRX DG
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i spasigpriy ‘r;a B

D&

= VARS(D43uS)

RY = D6, CT A (655]1+M824)

€N A{GER14MIP4) = QRVCTPL (NS RYIL(455]14¢M324))
FRFF

casesHY ITERATION, 400
ASSTIGM [11e.0YMe50R
ASSIGN D24 NYNSSIR

N0 TN »A=] 43
4 = JNFL + QCQXA2(MA-])

ceeooeSOFT LATTICE TRUNCATION.geeo
BA(L) = N5 # (A(]11137+M)+A(11])38eM))
ADM(2322) = P,HR3 # (A(13137+4322)+4(11138+m3822)
1 +A(11139+M322))
AA(P4) = N,233 # (A(11159+¢Mm) + 2,05A(11160+M))
ABA(13ADN) = GAVXEND(RA()374) ¢HW3AAA(L13A00))
A(11137+M2P4) = NRVCMPRS(A(10%13+M3600)sBWIA(]1113TeM324))

.....“’AIh HY Lnopgll...
Nl = A(1NE]3+M3KRQR)
N? = A(Q1FA+MINGH)=A(Q1AP+MIEUE) +A(ABEIEMINTA)
! ~A(6588+M}$598)
A(1NS]13+M3IR04) N1 +« N2

A(1NS1P+MIENN) = NEVCTRL(BAA(13A0GN) JRWSA(L10R12eM8600))
A(1051P+ME4N0) = ORVCTRL(N,04nX3A(]10512+¢M3600))

sasachY EMNVELOPE COMPUTATION . e0ee
Na VARS (A(110HT4M324) 1NG)
RY = D4,GT,A(111A72+M324)
T A(1116PeM224) = QRVCTRL(DAIrY3E (111624m324))
FrbE

PRPRFRPS A4 ITEDATION.....
ASKSTIGM D) o DY SBT3
ASSIGN DP44NYNST]

N RAD MA=).3
Moo= JDFL ¢+ KGR (MAal)

cesssSOFT LATTICF TRUNCATION .0 uas
BA(P) = N,5 & (A(HATTeM)+A(SRTHM))
AL (3321) = Na333 & (A(SRTT+MIZ]1)+A(SHTA+MIPY)
1 +A (BAT9+ME21))
BA(PAY = 0,6 % (A(KFAReM) ¢ A(SROGIM))
ABL(1SANG) = QRVXPND(AA(13264)FWEAAA(13600))
A(RRTFeME26) = QAVCMPRS (A (G257 +M3A00) ¢BWSA(SKTEeMER6))

-.loo“A.' w7 LOOPQ.....
N1 = A(R2T7T+n38T3)
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a0

R?

NP = A(BSRESMINTIN=A(AS2eMInTT) oh (106 eM3nT %)
A (1952+4M3GT 1)

1
ALS2TT+MISTR)

A(BDE]+MIANN)
A(SP6]+M3E0N)
FREE

CONTINUF

D)l + D?

CRYCTRL (ABA(13600) ¢BW3A(S20)eMInNN))

CRVCTRL (NahenxiAa(R26]1emEANN))

IF(MCAL L L F ,32)G0 TN 94

ceesese TRANSYFKSF ®f ANF

Mz QO & KCA3A

oooo-FXQ
A(GSARP+MIE2%)
A(EQ3T7+MA2R)
A(T23T7+MI67PR)
A(G16A2+MI€75)
b (KRSIT+MEIR?R)

Nt) o

101....l

FZ TRUNCATTIONS 4040

A(R93T7+MIN2YH)
A(T723T+ME625)
A(RPH+MEE?PR)

A(RRITeMnLIALS)
A(GURITeMIbEPR)

Huuwnymn

A(GRIT+MEEPR) B (3A22A+MEEPH)
'l..'hx ITEQATInN..‘.O
ASSIGN D14 NDYMGSYY
ASSIGN N2,4,MYN,5QG
N1 = A(390]+MEIRGY)
D2 = A(1951+M250G9)=A(192A+MIB0Y) A (3P26eMi59y)
1 -l (Y16PeM3IHUY)
A(390]1+M3RLO) = D] + N2
D4 = VARS (A (46TAsMIDL)30N4)
RY = P4,GT,A(45264+374)
A(4826+MI26) = QAVECTRL (DA WRYIA (G45PReM3P4Y))

D& = ORVCMPRS (L (390N+M3ANN) ¢rXTDa)
NS = YARS (4 $N5)
BY = DELGT,A(4551+M324)

A(4SRTI&VEIZG) = NRVYCTRL (NE4HYIA(LGR]+MT24))
FPFF

.OCOOH7 ITERATION.....
AGSSTIGN D]l oNYMHTI
ASSIGN DPe,DYM.BT3
AA(P) = 0,5 # (G(RETTeM)+A(NNTr o))
AR (EP1) = 0,373 & (A(SRTT+M321)epn(SRTRemEI?])
1 +A(BHRTQer 221
AA(26) = 0,5 # (B(RAGAsM) + B (-RQQ.M))
ABA(136A00) = OPVXPND(AA(Y1324) 4HW3AAA(13600))

A(SRTA+M3P4) = NORVCMPRS (A(SPN7+4M8R00) «RWIA(S THReMIPA))

Nl = A(SP2T7+miNT)

NP = P(ARERIMINTA) A (AS2eMINTI)SA(195]eMEHTR)
1 -p (19827 eMIRTI)
A(EPTT7+M35TR) D1 ¢ N2

L (R2514M36060)
A(SPR)eMIFON)
FPFE

CHVETRL (N a=X38 (RP51em8RN0) )
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G4 T3 = SFCONOL(CP)
DEINT 1506 TR

cesesFIFLL ENVELOPE PRINTUGUT RPOUTINEseeoe
DO 100 L=NHA FoNMAX GNHALF
[F(NFNJLYGO T 1M
1600 COMTIMIF
TE (N FORMexyt TO 101
GO TO 199

eosedbT HORTZOMTAL SYMmETRY pLANE..I.’
10Y TR (NJFRGJNELX)Y Toun=t
BLIMNT 10724 M
102 FORPMAT(THY «R2XaPTHE7 FNVFLOPFE FOR TIME STERP z41W,
1 7/7e6PX W 1SHPLANFE 7 = Z24%NX¢//e2Xe1HJIg/)
CAlLL FMV(RRE]GHCHTOUN)

OLTMT 1046 N

104 FOEMAT (1= 52X e?THEX FAVFLOPE FOR TIMF STEP =415,
1 /7 e€EFXQ1SHPLANF 7 = 240X e //e2Xe1RNJe/)
CAL L FNV(GE26 03, TTF +ATPUN)

PRINT 105, N

106 FOFMAT (IH) 982292 THrY FMVEL ORE FOR TIME STEP =415,
1 /7 ef2XQ1SRPLANFE 7 = PLHENX 4/ /9PXelHUe/)
CALL FMV (G226 42, TTF+aTPUM)

eeesefT VFETICAL SYMMFTRY PLANF qaqee
PREINT 1064 N
YO FOERMAT(IH14E2XePTHF 7 FUVFLOPFE FOR TIMF STEP =415,
1 /7 eFPXQITHFLANFE X = 24 ,88NXo¢//¢PXelHJe/)
Call FNV(4FTAR«HC o TPLN)

PRINT 10R, N

102 FOEMAT(1h]enPraZ2THHY ENVELOPE FOR TIME STEP =,1S,.
1 /74€PX g1 THPLANE X = 24,54NXe//92Xv1HJe/)
CALL FRV(4ERT 4R, TTF+44TPUN)

PEINT 10G. N

10C FORMAT (1H1 452X «?2THFY ENVELOPE FOR TIME STEP =,15,
1 /762X THPILANE X = 24 458#DXe/ /02X 0 1Mds/)
Cafl FMV(ZET6eCoTPUN)

168 CONTINIF

»060 COMTIrOF

20 Tée = SFCOMD ()
PERTMT 160, Té
STOR

P

CSHAEROLTTIRE FMVILOCALZSCALETRPUNOR)
CTPENGTON L (ELORRA) G TP (PR00) oMM (PR
A ranp I
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DO R J=1,2%
NN(TY = ]

DO 1 LY=P.100

LOC = LOCA + (LY=]l)#5936

LOCT =1 + (LY=1)#25
IP(LOCTISPS) = SCAlF & A(LCCEPR)
A(LOC3PS) = 0.

IF(IPUNCH, ,FQL,0)G0 TN &

PO 2 1 Y=Pe100

LOCT = & « (LY=1)#g5

LOCIT = LOCT + 10

WRTTE(Re3) (ITP(LL)eLL=LOCILLOCIT)
FORMAT(10T6)

DO S Ly=2e.ln0

LYY = 10?2 - LY

LOCT = & « (LYY=1)#25

LOCIT = LOCYI + 19

PRINT fe LYYy (TP(LL)SLL=LOCILOCIT)
FORMAT (1XeT345Xe2N]IH)

PRINT Te (MM(LL) sLL=%e?4)

FORMAT (//«E&Xe70]15)

RFETURM
END
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2.4 Problem D -- Task 2, Case 2
(Section 4.2 of Volume 1)

The following 12 pages list the computer program for the 24 x 100 x 48

. cell -- 1800 time step run of Problem D. The problem solved is penetration

of a 12.8 cm diameter, 28 cm long, missile guidance section by a 300 MHz
plane wave at axial incidence, for the case of the interior dielectric
components, metal components, and wires modeled.
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PROGRAM FDTD (INPUT+OUTPUTsTAPEOO=INPUT s TAPES=TAPF 8)

c
c RUN TASKZ2~~ STEADY 300 MHZ PLANE WAVE IRRADIATION OF A
c 12.8 CM DIAMETER MISSILE GUIDANCE SECTION
c CASE 11= INTERIOR METAL AND DIELECTRIC COMPUNENTS MODELED
c INCIDENT WAVE COMPONENTS ARE EZ ANL HX
c 26 X 100 X 4R CELL CUBIC SPACE LATTICE IS USED
c UNIT CFLL DIAMETER = DX = 0433 CM = WAVELENGTH/300
c EVEN SYMMETRY ABOUT LATTICE PLANE X = 24+5%DX IS ASSUMED
c SOFT TEM WAVE SOURCE CONDITION IS USED AT PLANE Y = 3,0&DX
c SOFT LATTICE TRUNCATIONS APE USED '
c PROGRAM IS OPTIMIZED FOR THE CLC STAK=100
c
REAL MLIRy MUZ
DIMENSION A(1565500)4Z(15%00) sAAA(1200) oBUF (600) sAA(4K) ,
1 DD (24) yDE (48) ¢DF (48) 9 CA(9) 4CB(9) sEPS(9) +SIG(9)
COMMON A,
UESCRIPTOR D1902eD3¢D4 DS eV6INFDGAl 9A2eBUIDBY eBWoHXohY K7
BIT BUsBBU(GDD) yBVeBBV(1200) oW BBW(1200) ¢HXsBEX(L1200) ¢
1 BY+BBY (26) 9BZ4BHZ (48)
ASSIGN BUSsRBU(13600)
ASSIGN BV+HBRV(131200)
ASSIGN BW.BRW(131200)
L ASSIGN BX+BBX(131200)
ASSIGN BY+BRY(1324)
ASSIGN BZ+BRZ(1348)
ASSIGN D&4,DD(1824)
ASSIGN DSDE()348)
ASSIGN DEDF (1348)
Tl = SECOND(CP)
PRINT 150, T1
150 FORMAT (F20,5)
c
c egessle PROARLEM PARAMETERS.qeqe
FPEQ = 3,0F.8
DX = 0,01/3,0
MPR = 9
DATA EPS /1409 1eDo 140y 5659 4,59 5439 1409 140¢ 8,0/
DATA SIG /0,09 3.7EeTy 0,025 0,00249 040008y 0,00 H6,6FE+6,
1 3,7E+7y 0,01/
NMAX = 1800
c
Cc eeonell, BRASIC AND DERIVED CONSTANTSesese

Pl = 3,14159265

MUZ = 440 & Pl # 1,0E=7
EPSZ = R,B854E-12

OT = Dx /7 6,0E+8
NHALF = 0,5 / FREQ s/ DT

P = 07T / 2.0 / EPSZ
RA = DT®#®2 / DXe#2 / MUz / EPSZ

PR = OT /7 OX /7 MUZ
RC = 1,0E+4 / RB
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USRS SO

RD = 2,0 # Pl & FREQ # DT
IPUN = 0

CA(139) 0,

Ce(139) 0,
BW = QRVMKO(]+258HNW)

BX = QBVMKZ (244+253RX)
DO 2 I=leMFR I
"EAF = R # SIG(I) / EPS(I)

Ca(l) (160 = EAF) / (140 + EAF)

? CB(I) RA 7 EPS(I) / (1.0 + EAF)

a.oooIII. LOAD VECTOR Asesnee
seeeeZFRO INITIAL FIFLDSeeses

0 DO

2(1315500) = 0O,
A(1315500) = 0.
A(1550001315500) = o,

Cc eeoeoeTYPE OF MEDIUM, 000

READ (6044 sENDZ201,FERR=20)) (Z(1)41=14600)

4 FOPMAT (75F1,0)
READ (604 s FND=20]1sERR=201) (Z(1)9+1=500195600)
READ (6094 ¢FND=201+ERR=20)1) (Z(I)41=2501+3100)
DO 5 J=2+6
JDEL = (J=1) *# 15500

S A(JDEL+13155%00) = Z(1315500)

D0 S% J=7,14
READ(A0+4 ¢END=2014ERR=20)) (Z(1)eI=14600)
READ(A0e4sEND=201,FRR=20]1) (Z(1)+]=5001+5000)
READ (60e4+END=2014ERR=201) (Z(I)+I=2501+3100)
JDEL = (J=1) # 15500

S5 A(JDEL+1315500) = Z(1315500)

DO 6 JA=154T147
READ (6D 94 +END=201,ERR=20]) (Z2(]1)e1=1,600)
READ (6004 +END=201+ERR=201) (Z(1)41I=5001¢5600)
READ (6004 +END=Z20]1 oFRR=201) (Z(1)+1=2501+3100)
JOEL = (JA=1) *# 15500
A(JDEL*1315500) = 2(1315500)
READ (6094 +END=201ERR=20]1) (Z(1)s1=14600)
4 ENN=20] +ERR= Z(1 =50 5600
DO 6 UR=1.+6
JDEIL. = (JAeJR=1) # 16500
6 A(JDEL +1315%500) = 2(151%5500)
D0 7 J=93.100
JOEL = (J=1) # 15500
1. A(JD-1 +18315500) = Z2(1315500)

c

_READ(H0944ENO=20]) sFRR2201) (Z(1)91=1,600)

HEAD (60984 +END=2014ERR=201) (Z(I)91=5001+5600)
_ _REAN(A0e44END=20),ERR=20]1) (Z(1)e]I=250]103100)
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T

DO 8 U=T75,77
MDEL = (Je]l) ® 15500

A(JDEL+1315500) = 2(1315500)

READ (6094 ¢+END=201+ERR=201) (Z(1)41=2501+3100)
o = 78

JOEL = (J=1) * 15500

AGIDF) ¢1318800) = 7(181S500)

c

= - 4 =
READ (60+4+sEND=2014ERR=201) (Z(I)41=500195600)
oS =19

JOEL = (J=1) * 15500

A(JDFL #1315500) = 7(1315600)

c

“READ (60+4sEND=2019ERR=201) (Z(1)+1=500195600)

READ(60949END=2014ERR=201) (Z(1)41=2501+3100)

D0 9 U=80+84
JDEL = (J=1) # 15500

A(JDEL+1315500) = Z(1315500)

READ (604 4,END=201oERR=201) (Z(1),1=22501,3100)
J = 85

JDEL = (J=1) # 15500
A(UDEL+1315500) = Z(1315500)

READ (60+44END=20),ERR=201) (Z(I)sI=19600)

READ (6096 ,,END=201,ERR=201) (Z(1)+1=5001+5600)
READ (60049END=201ERR=201) (Z2(J)+1=2501+3100)

DO 10 J=86,87
JDEL = (J=1) * 15500

10

A(JDEL+1315500) = Z(1315500)

READ (6094 +ENDZ201ERR=201) (Z(1) ¢ I=2501+3100)

READ(60e4+END=201,ERR=2201) (Z(I)eI=19600)
READ (6004 +END=Z2019ERR=20]1) (Z(I)412500195600)

DO 11 J=88+91

11

JDEL = (J=1) * 15500
A(JDEL+1315500) = 2(1815500)

READ (6094 +END=201,FERR=2201) (Z(I)9eI=14+600)

READ (60+94+END=201,4ERR=201) (Z(1)9I=5001+5600)
J = 92

JDEL = (J=1) # 15500
A(JDEL+1315500) = Z(1315500)

eesesPARTIAL SYMMETRY ABOUT Z = 2440%UXeqese

00 12 J=2,100
JDEL = (J=1) * 15500

KMAX = 49
DO 12 JA=1,3
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- )

SR

P

T SRt

JB = UDEL ¢ (JA=1)®#2500 ¢+ 1
BUF (13600) = A(JUBI600)

By = RBUF(13600),6T.A,S
BUF (13600) = QBVCTRL(3,04BUSBUF (13600))

IF(JALEQ.3)KMAX=48
A(JB+600125) = BUF (576125)

Do 12 K=1,24
KA = (K=1) # 25

KB = (KMAX=K) # 2§

12 A(JUB+KR325) = BUF (KA+13825)

seece QNON'SYMMETRIC GROUND NIRE. see®

DO 13 U=43,57

JDEL = (J=1) 15500

Te0
T,0

A (JDEL+3199)
A(JDEL+3224)

13 A(JDEL+5699)

Wik nie

7.0

DO 14 K=18,2R
KDEL = (K=1)%2% + 24

A (JDEL+25004KDEL) = 7
A{JDEL +5000+KDEL) = 7

[
[ ]
14 A(JDEL+20500+KDEL) = 7

(9]

0
0
o0

seveeMEDIA COEFFICIENTSsa0ss
ASSIGN Aleo.DYN.1200

ASSIGN A24+,DYN.1200
ASSIGN NFDyIYN, 1200

Al = o,
A2 = 0.

DO 21 U=2+100
JDEL = (J=1) *# 15500

D0 21 JUA=]1,3
JB = (JA=1)®#2500 « 1)

JC = Uk + 1250
NFD = A(JDEL+JB31200)

DO 20 JJ=1+MPR
BY = NFDL.EQ,JJ

20

A) O8VCTRL(CA(JJ) ¢BVEA)Y)
A2 QAVCTRL (CB (JJ) 4BVEA2)

21

A(JDEL+JR31200) = Al
A(JDEL+JC31200) = A2

FREE

T2 = S SOND(CP)
PRINT 150, T2

_seeeslVy TIME=STEPPING LOOPgeose

00 210 N=1.NMAX
TERM = SIN(FLOAT (N)#RD) & RB

MCALL = 3 + IFIX(FLOAT(N)/6,0)
JF (MCALL GT,33)MCALL=33
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PR UR

220000 TRANSVERSE PLANE NOo loeggee
ceeeeEXy EZ TRUNCATIONS.eses
A(750181250) = A(131250)
A(131250) = A(2300131250)
A(1020131250) = A(125181250)
A(125181250) = A(25T0131250)

OO0

C o.oooEY ITERATION.OQ.O
ASSIGN D1+4DYNL1174
ASSIGN N2yeDYN.1174
—  ASSIGN D3+.DYN,1174
c

A(BRB26) = 0,5 * (A(10076)+A(]10077))

A(RB271322) = 06333 # (A(10076322)+A(1007T322)+A(10078822))
A(BB49) = 0,333 @ (A(10098)+2,0#A(10099))

A(100T76824) = A(88513124)

A{10026) = 0,5 ® (A(10101)+A(10102))

= * +A 028322) ¢
A(10069) = 0,333 # (A(10123)¢2.0%A(10124))
A(101p01826) = A(100018324)

Cc
D} = CA(3) o A(RAS131174) ]
D2 = A(11551831174)=A(1152631174)+A(1420181174)=A(1420231174)
D3 = CR(3) # D2 '
A(885131174) = D1 + D3
_ERFF
| C
» c covoeos TRANSYFRSE PI ANFS 2 = 100.0004s
‘ DO 82 JY=1sMCALL
5] - JDEL = (JY=1) # 46500
b C
c 'oooofx ITERATION.....
ASSIGN D]1+,DYN,1173
ASSIGN D2y4DYN.1173
i ASSIGN D3+,DYN,1173 : -
‘ C
D0 30 MA=]1,3
M = UDEL ¢ 15500 (MA=])
C
C seseeSOFT LATTICE TRPUNCATIONSees e
A(23002¢M) = 0,5 & (A(26252+M)+A(24253+M))
A(23003+M32]1) = (0,333 # (A(24252eM321)4A(24253+Mm32])
1 +A(24256+M32]1))
A(23024+M) = 0,5 # (A(24273+M)*A(262T4eM))
A(24252+M123) = A(2302T7+M323)
C

A(26202¢M) = (.5 & (A(2427T71T+M)¢A(242T8BeM))
A(24203+M12]1) = 0,333 ¢ (A(2427T+M32]1)eA(242T8eM12]))
1 *A(24279+M321))

A(26224+M) = 0,5 & (A(264298+¢M)+A(24299))
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i tad

A(242TT+M323) = A(261T77+M323)

seseeMAIN EX LOOPS,e0ee
D1 = A(16527+M31173) & A(23027+M31173)

D7 = A(29702+M31173)=A(14202+MF1173) +A(28352+MS1173)
. =A(28377+M31173)

D3 = A(16777+M31173) « D2
A(23027+M31173) = D1 + D3

.....Ex ENVELOPE COMPUTATI()N.....

04 VABS (A (23A0]+M324) 3D4)
BY D4.GT A(2430]14M324)

30 A(24301+M324) = QBVCTRL(D4+EYSA(2430)eM324))
FRFFE

sovesbtY ITERATIONesoos

ASSIGN DlseDYN,1174
ASSIGN N2+,DYN1174

ASSIGN D39.0YN.1174

DO 60 MA=1.3
M = JDEL ¢ 15500% (MA=])

lQ...SOFT LATTICE TRUNCATIONg.....

A(24326+4M) = 0,5 & (A(255T64+4M)+A(255T7T«M))
A(24327+M322) = 0,333 # (A(25576+4M322)+A(255TT+M322)

1 +A(25578eM322))
A(24349¢M) = 0,333 # (A(P25598+M)+2,0#A(25599+M))

A(P255T76+M324) = A(24351+M124)

A(25526+M) = 0.5 # (A(25601+M)+A(25602+M))
A(2552T+M322) = 0,333 # (A(256(01+M322)+A(256024M322)

1 +A(25603+M822))
A(25549¢M) = 0,333 # (A(25623+M)+2,0%A(25624+M))

A(25601+M324) = A(2550]1+Mi24)

.-OOOM“IN EY LOOPS.....
D1 A(lB0264M31176) & A(2435]1+M31174)

D? = A(270514M31174)=A(27026+4MF1174)+A(29T701¢M31174)
1 =A(29702+4M31174)
DA = A(19P76+M31174) # D2
A(243514M31174) = D1 + D3

esnesfY ENVELOPE COMPUTATIONggses

Da VAHBS (A (245264M124) 3D4)
By D4+6TeA(256264M324)

A(75626+M324) = QBVCTRL(D&4sBY3A (256264M8324))

D5 = NBVCMPRS (A(243254M81200) 9BXSDS)
D6 = VARS(DS3IDA)
RZ = DAeGT . A(2565]1+M348)

40 A(2565]1+M34R8) = QBVCTRL (D6sBZ3A (2565]1+¢M148))

FREE
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C
c eeeoeeEZ ITERATION eese

ASSIGN Dle,DYNL1199

ASSIGN ND29.DYN.1199

ASSIGN D3+.DYN.1199
C

00 50 MA=],3

M = JDEL + 15500# (MA=1)
C
C C...‘MAIN EZ LOOPS...,.

D] = A(20501+M11199) # A(25T01+M31199)

D2 = A(28352+¢M}1199)=A(28351+M51199)+A(11520+4M31199)

1 =-A(27026e¢M31199)

D3 = A(217S1+¢M$1199) # D2

A(257Q01+M31199) = D] + D3
C
Cc esseefZ SOFT TEM WAVE SOUKCE CONDITIONcososs

IF(JYeGEL2.0ReMALF,2)G0 TO 47

A(S6T70131199) = TERM + A(567014%1199)
C
Cc aaanasbZ EMVELOPE COMPUTATION .50,

47 A(26926+4M324) = 0,5 # (A(262T6+M324)+A(26301+M324))

D4 = VABS (A (26926+M324) 3D4)

BY = D4,GT.,A(26951+M324)

A(26951+M324) = QBVCTRL (D4eBYSA (2695]1+M324))
C

DS = QBYCMPRS (A(25700+M31200) 9H5X3NS)

D6 = VABS(DS3D6)

BZ = D6,6GT,A(26976+M348)

S0 A(26976+M348) = QABVCTRL (D6eBZ3A(26976+M348))

C
C ooooo"‘x ITERATIONQQOOO

DO 60 MA=]1.3

M = JDEL ¢ 155004 (MA=])
C
C oooooMAIN HX LOOPS...‘.

Dl = A(11526+M31199)

D2 = A(BB51+M11199)=A(8BR26+M}I1199)+A(10201+M31199)

1 - M Q

A(11526+M81199) = D1 + D2
(o
c sesseehX ENVELOPE COMPUTATIONgqees

+ 4) = * + +A 26+M3 24
D4 = VABS(A(12751+M324)3D4)

A(12776+M324) = QBVCTRL (D4+BY3A(12T7T76+M324))

[ o
D5 = OBVCMPRS(A()115254M31200) oHX3D5)
D& = VABS(DS5306)
BZ = D6.,GT.A(1280)+M348)

60 A(12801+M348) = QBVCTRL (D6¢BZEA(12801+M348))

FREE
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P T

(o
C eoeseHY ITERATIONGseoe
ASSIGN Dls4DYNG119R
ASSIGN D2seNDYNL1198
C
DO 70 MA=1.3
M = JDFL + 15500% (MA=])
C
C eoeoe0eSOFT LATTICE TRUNCATION.qeee
AA(]l) = 0,5 & (A(29601eM)+A(29602eM))
AD(2346) = 0,333 # (A(29601*M346)+A(29602+M146)
1 +A (29603¢M3466))
AA(4R) = 0,5 # (A(2964TeM)+A(29648+M))
AAA(1231200) = OBVXPND(AA(1348)+BWSAAA(131200))
A(29601+¢M348) = QBVCMPRS (A(28352+4M31200) 9»BWLA (29601 +M3468))
Cc
C -ooooMAlN MY LOOPSOQOQO
D1 = A(28352+M§]119R)
D2 = A(25T702+M31198)=A(25701+M31198)+A(23002+M31198)
1 A (2302T+eMm31198)
A(28352+M11198) = D1 + D2
(o
A(28351+M31200) = QRVCIRL(AAA(ISIZOO)98“8A(283510N$1200))
A(28351+M31200) = QBVCTRL(00sBX3A(28351+M31200))
C
C esososeHY ENVELOPE COMPUTATIONeoeee
A(295764M324) = D,5 & (A(28926+4M324)+A(28951+¢M324))
D4 = VABS (A (29576+M324)3D4)
BY = D46.GTA(29651+4M324)
T0 A(79651+M324) = QBVCTRL (D4+BYSA(29651¢M324))
FREE
Cc
C eeooeseHZ ITERATION,4eos
ASSIGN D1l+.DYN,1173
ASSIGN D2+sDYN,1173
Cc
DO 80 MA=1,3
M = JDEL ¢ 15500% (MA=])
C
C 0000eSOFT LATTICE TRUNCATION,sese
AA(2) = 0,5 ® (A(15427+M)+A(1542R+M))
AA(3345) = 0,333 # (A(1564c7*M1I45)+A(15428+M345)
1 +A(156429+M345))
AA(4B) = 065 # (A(154T2+4M)+A(15673+M))
AAA(131200) = QAVXPND(AA(1348)+BWSAAA(131200))
A(15626+4M348) = QBVCMPRS(A(1417T7+M31200)+BWSA(15426+M848))
C
c eseoeeMAIN HZ LOOPS,,000

01 A(14202+M31173)

D2 A(23027+M311T73)=A(T7527+M3]1173)+A(RB51+M3]1173)
1 -A(8852+M31173)

AL142024M31173) = D1 « P2
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QBVCTRL (AAA(131200) yBW3A(141T76+M}1200))

A(l141T6eMm31200)
QBVCTRL(0.0eFX3A(141T764M31200))

A(14176+M31200)

C eoeseoMZ ENVELOPE COMPUTATIONqeees
Da VABS (A(14776+M324)3D4)
BY D6 ,GTLA(154T6eM324)
B0 A(15476+M324) = QBVCTRL(D4sBYIA(154T76+M324))
FREE
82 CONTINUE
IF (MCALL.LE,32)G0 TO 94

C e00s s TRANSVERSE PLANE NO, 10)osess
M = 99 # 15500

c eeeestXe EZ TRUNCATIONSasase
A(23001+M31250) A(15501+M31250)
A(15501+M31250) A(16751+M31250)
A(16751+M31250) A(T50]1+M31250)

A(18001+M31250)
A(19251+M31cbHD)
A(10201+M31250)

A(25701+M31250)
A(18001+M31250)
A()19251+M31250)

c .oooon ITERATION.L..Q
ASSIGN D1y.DYN.1199
t ASSIGN D24yoDYN.1199
Dl = AL11526+M31199)
\ D2 = A(8851+M31199)=A(BR26+M31199)+A(10201+M31199)
& 1 =A(25701+M31199)
') A(11526+M31199) = D1 + D2

A(12751¢M324) = 0,5 & (A(12101+M324)+A(121264M324))
D4 = VABS(A(12751+M124)1D4)

BY = D&,GT,A(12T76+M124) j
A(12776+M324) = QRAVCTRL (D4sBYSA(127T6+4M324))

ns QRVCMPRS (A(115254M31200) +HX8DS)

D6 YABS (DS3V6)

B2 D6.GT4A(12801eM148)

Af1280]1+M348) = QAVCTRL(DN6sBZIA(]12R0]+M348))

FREE 1

(] 9]

seeseelZ ITERATION oeoe
ASSIGN D]19sDYN,1173
ASSIGN D24¢.DYN,1173
AAL2) = 0,5 @& (A(15642TeM)*A(]1D4284M))
AA(3345) = (0,333 ® (A(15427+M145)+A(15428+¢M345)
1 SA(15429¢M345) )
AA(48) = 0.5 ® (A(154T2+0)sA(15673eM))
= (131200))
A(]54264M348) = GAVCMPRS(A(141T77+M31200)+8BWEA(154264M34R))
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D]l = A(14202+4M31173)

D2 = A(23027+M311T73)1=A(TS27+M811T73)1+¢A(8B8BS5]1¢M51173)
1 =-A{8B52+4M31173)
A(14202+M31173) D1 « D2
A(14176+M31200) QBVCTRL (AAA(13]1200)+8BW3A(14]176+M31200))
A(14176+M31200) Q8VCTRL (00+BX3A(141T76+M31200))

c
D& = VARS(A(14TT6+M324)804)
HY = DA GT,A1156T6eM324)
A(1S476+eM324) = QBVCTRI (D4eBYSA(156T6+M324))
FREE
94 T3 = SECOND(CP)
PRINT 150y T3

Mo

ceoesFIELD ENVELOPE PRINTOUT ROUTINEcesos
DO 100 L=NHALF ¢sNMAX ¢NHALF
TF (N.EQ.L)GO TO 101
E 100 COMTINUE
TF(NJEQ.NMAX)GO TO 101
G0 TO 199

C eeeseo”AT HUORIZONTAL OBSERVATION PLANEesse,
107 TF (NJEG.NMAX) TPUN=T
PRINT 102s N
: 107 FORMAT (1H1+52Ks2THEX ENVELOPE FOR TIME STEP =,15,
{ 1 /7062%s ISHPLANE 2 = 24%DXe//92Xe1HJ0/)
.\ CALL ENV(BB01+20+RCsIPUN)

-
o

PRINT 103s N

103 FORMAT(1H1+52Xs2THEY ENVELOPE FOR TIME STEP =,15,
1 /7+62X s 15HPLANE 72 = 24%DXe//7e2X91HJe/)
CALL ENV(101269204RCo IPUN)

o T
i’."!n

PRINT 104¢ N
106 FORMAT (1H1+52X+2THEZ ENVELOPE FOR TIME STEP =,15,
1 //e62Xs 1SHPLANE Z = 24%DXe//02Xe1HJs/)

4 CALL ENV(114514204RCoIPUN)

PRINT 105« N

105 FORMAT(1H] +52X927HHX ENVELOPE FOR TIME STEP =415,
1 //7962X 9 1SHPLANE Z = 24%DXe//02X01HJe/)
CALL FMV(]1277642093,7TTE+6+IPUN)

| PRINT 1064 N

! 106 FORMAT (1H1+52X9s2THHRY ENVELOPE FOR TIME STEP =,15,

j 1 //962Xe 15HPLANE 7 = 26¢DXe//92X91Hde/)
CALL ENV(1415142043,77E+6+IPUN)

PRINT 107+ N

107 FORMAT (1H1+52Xe2THHZ ENVELOPE FOR TIME STEP =,15,
1 //7962Xs 1SHPLANE 7 = 24%DXe//e2X01HJe/)
CALL FMV(1547642043,TTE«6sIPUN)
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o tag

R o

- o

>

1mw~un;&

seeeeesAT VERTICAL SYMMETKY PLANE gaqes

PRINT 108, N
10R FORMAT (1H]1452Xe2THEZ ENVELOPE FOR TIME STEP =415,

1 7/7962Xy 1THPLANE X = 24,58DXy//e2XelrUs/)
CALL FMV(114764404RCyIPUN)

PRINT 109+ N

109 FORMAT(1H]1+52X92THHX ENVELOPE FOR TIME STEP =,15,
1 //962X s 1 THPLANE X = c4¢58DXo//02X0lRJy/)

CALL ENV(1280144043,77E46¢1PUN)
CUR] = A(49#]15500+10178) * KRC # 73,33

CUR2 = A(T8%]15500+10161) # RC # 73,33
PRINT 150, CURI

PRINT 150, CUR2

PHINT 110, N

110 FORMAT(1H]1e52Xe27HEY ENVELOPE FOR TIME STEP =,15,
1 /7962Xg ) THPLANE X = 24.59DXe//92X91Fus/)
CALL ENV(101514+404RCoIPUN)

199 CONTINUE

200 CONTINUE
201 T4 = SECOND(CP)

PRINT 150, T4
STOP

END

SURROUTINE ENV (LOCAsNUM,SCALE s IPUNCH)
DIMENSION A(1565500)+IP(4000) ¢sNN(50)

COMMON A

DO 1 I=1,50
1 NN(I) = 1

DO 2 LY=2,]100

LOC = LOCA + (LY=1)#15500 + 4
LOCI = 1 + (LY=1)%40

IP(LOCIINUM) = SCALE # A(LOCINUM)
2 A(LOCINUM) = 0,

IF (IPUNCH.EQ.0)GO TO S

DO 3 LY=2,100
LOCI = 1 « (LY=1)%40

LOCII = LOCI = 1 + NUM
3 WRITE(By4) (IP(LL)sLL=LOCIoLOCII)

4 FORMAT (1016)

S LXM = NUM/20
DO 8 LX=1sLXM

Lxa = 1 + (LX=1)*20
LA = LXA ¢ &

LZ = LA + 19

skt




SR

DO 6 LY=2+100

LYY = 102 - LY
LOCI = LXA ¢ (LYY=]1)#40

LOCITI = LOCI + 19 :
PRINT 7s LYYy (IP(LL)oLL=LOCIsLOCII

FORMAT (1Xe1345X92016)
PRINT 99 (NN(LL)sLL=LASLZ)

O|D Nl

FORMAT (//+18X420160//77/7//)

RETURN
END
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T, =

2.5 Problem E -- Task 5, Case 1
(Section 7.4.1 of Volume 1)

The following 10 pages list the computer program for the 24 x 163 x 24
cell -- 800 time step run of Problem E. The problem solved is a hybrid meth-
od of moments/FD-TD analysis of penetration of a 19.0 cm diameter, 68.5 cm
long, open-ended aluminum cylinder by a 300 MHz plane wave at axial incidence.
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(o0

PROGRAM FI'TL (INPUT+OUTPUT»TAPE60=INPUT + TAPFR=TAPESR)

RN TASKS=a [MTERFACING THE FU=-TN METHOD WITH THF METHOD oF _
MOMENTS '

CASE T- STFADY 300 MHZ TFM IRWADIATION OF A 19,0 CM

DIAMETFR,y, 68,5 CM LONGe OPEN-ENDED ALUMINUM
CYLINRER
AXTAL=-INCIDENCE PLANE WAVE wITH COMPONENTS F7 AND HX
MODFLFD USING SCHELKUNUFF EQUIVALENCE THEOREM WITH
PROF, DON WILTON'S M=0=M APFRTURE CURRENT DATA
P4 X 163 X 24 CELL CURIC SPACE LATTICE IS USED
UNIT CFLI T[IAMETER = DX = 0.5 (M = WAVELENGTH/200
_ EVFN SYMMETRY AWROUT LATTICE PLANES X = 24.5%#DX AND
7 = 24,0%DX IS ASSUMED
SOFT LATTICF TRUNCATIONS ARE USFD

PROGRAM IS OPTIMIZED FOR THE CDC STAR=100

RFAL "URe MUZe JXMAGe JXPHAes JUXSRCy JZMAGs JZPHA, JZSRC
DIMENSION B (973504) oCEXB(97500) 4CEYR(9TH00) 4CEZR(9TRO0) o
1 7 (S936) ¢AAA(KN0) ¢ JXMAG(600) ¢+ JXPHA(600) s JXSRC(600)
2  JZMAG(600) «JZPHA(600) ¢y J2ZSRC(600) s AA(25)+DD(24)

3 » DF (24) sCA(9) +CB(9) 9FPS(3)4SIG(I)
COMMON ALCEXRCEYR4CEZSR

B | RO 4BHO(AN0)

DESCRIPTOP N1+DP9D3¢sNésD5sNFDsALA2,BV.BWeBXeRY,FQ
RIT BVhRR(600) bWoHAW(K00) sBXoHHX (600) sBY s &HY (24) »

_ ASSIGN BOQsHRO(13600)
ASSIGN BV.FRR(131600)
ASSIGN BW,FRW(13600)

ASSIGN HX«FBX(13A00)
ASSIGN BYJPRY(1324)
ASSIGN ND4«DD(13240)
_ASSIGN DSeDE(1324)
Tl = QFCOND(CP)
PRINT 150« T1

150 FORMAT (F20,.,5)

c
e

_FREQ = 3.0E+8

eessele PRORLFM PARAMFTEKS . g000

Dx = 0,005
MPR = 13

c

c

DATA FPS/ 1,0, 1.0, 1.0 /
__DATA S16G/ 0e09  3,TF+7s 0401 /
NMAX = BOO

eeeeelle BASIC AND DERIVED CONSTANTScesss
Pl = 3,14159265

... _FPSZ = B E54F=12

MUZ = 4.0 & Pl & ]1,0€=7

DT = NX / 6,0E+R
__NHALF = 0,5 ¢ FREQ / DT _
R = DT / 2.0 / EPSZ
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+ RA Dresp ¢ Dxeep s MUz / EPSZ

RR = DT 7 DX /7 wmuz

RC = 1,0 / RR

RD = 2,0 # P # FRFQ # DT
IPUN = 0

(o
i CA(139) = 0.

‘ : CR(139) = 0,
] _BW = QRVMKO(]e258Bw)

" BX = QRAVMKZ (24+253BX)
D0 2?2 I=1eMPR

EAF = R # SIG(I) / EPS(I)

CA(I) = (le0=EAF) / (1,0+EAF)
2 CR(I) = RA / EPS(I) / (1.0+EAF)
c

[ s

eoeesellla LOAD VECTOR Aceovoe

c
g -u102690 INLTIAL FIELDSQ....

Z(115936) = 0,
A(135936) = 0,

A(96756935936) = 0,

(2N el

esese TYPE OF MEDIUM, 04006
READ ({6004 sEND=701+FRR=201) (Z(I1)e1=1+600)

4 FORMAT (75F1,0)
R 4 4END= /RR= z2601+3200)
READ (60 ¢4 9END=201 4ERR=201) (Z(I)91=1301+1900)
DO S J=2,13

JDEL = (J=1) * 5936
S _A(JDEL+1315936) = Z(135936)

& ~ﬁ§':' e

-

DO 6 J=152+163
JDFL = (J=1) # 5636

6 A(JDEL+135936) = Z(115936)
c

_e“""

RFAD (60+4oFND=201+ERR=201) (Z(1)+121+600)

READ (6004 +FEND=Z01+FRR=201) (Z(I1)e1=2601¢3200)

READ (60e4 4END=201+ERR=201) (Z(I1)41=1301+1900)
DO 7 i=164150

JOFL = (J=1) * 5936
7 A(JIDEL +13%5936) = Z(135936)

c
—— READ(60+4eEND=201+ERR=201) (Z(I)eT=1+600)

READ (6004 4END2C01+ERR=201) (Z(1)+1=22601+3200)

0

J = 151
JOFL = (J=1) # 5936

A(JDEL+185936) = Z(135936)

[l
c eeoesAPERTURE EXCITATIONeesss

READ(60911+END=2014FRR=2201) (JUXPHA(T) 4I=1+600)

READ (609 114END=2019ERR=20]1) (JZPHA(T) 1214600

.10 FORMAT (12FR,2Pe/¢13F6,2) = =
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11 FORMAT (25F3,0)
C
C eeeesMEDIA COFFFICIFNTSsa00s
. _ASSIGN Als.DYN.6OO
ASSIGN A24,0YNL600
- _ASSIGN NFDe DYNL,600
A} = 0
a2 ca
DO 23 U=24163
o JMDFL = (Jd=1l) # 5936
JDEM (J=1) # 600
c __
NFD = A(JDEL+13600)
— DO 20 JJU=)eMPk
BY = NFD,FO,JJ

A) = QAVCTHL (CA(JJ) 4RVEA])
20 A2 = QRVCTRL (CH(JJ) +RVIAD)

CFXR(JNEM+13400) = A2

NFD = A(JDEL+13013600)
.. D0 21 JJ=1eMPR
BV = NFDJER,JJY
Al = QAVCTRL(CA(JJ) sRV3A])
21 A? = QRVCTRL(CH{JJ) 9BVIA2)
A(JUDEL +130186G0) = Al
CEYB(JUDEM+13600) = A2
C
NFD = A(JDEL+26018600)
e —.D0_22 JJ=1eMPR_
By NFD,FQ,JJ
Al = QAVCTRL (CA(JJ)sHBVIAL).
2?2 A2 = QAVCTRLU(CB(JJ) +BV3A2)
. _ A(JDEL+26013600) = A)
23 CEZR(JNDEM«11600) = A2
— . FPEE _
€

T2 = SECOND(CF)
PRINT 1504 T2

ceeselVe TIME=STEPPING LOOPqevaoes
DO 200 N=1eNMAX

(g Xe]

c

c 2saaaCOMPUTE APFRTURE SOURCE CURRENTSea9aae
ASSTIGN D1lseNDYN60O
_ASSIGN N2y .DYN,600
ASSIGN D344DYN.60DO

FLOAT(N) = JXPHA(11600)
QAVCTRL(0.04RQOtD1)
- Dl * RD

)
St
m oy
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DA = VSIN(DN2303)

. .. NXSRC(13600) = =1.0 & JXMAG(13600) ¢ CH(l) @ D3
D1 FIOAT(N) = JZPHA(18600)
B8Q NlelTo0,0

___ D1 = 0BVCTRL (0.0,R0Q80Y})
D72 = N1 # RO

D3 = VSIN(DP3D3)
JZSRC(13600) = JZMAG(13600) * CA(1) # D3
FREFE

mow

MCALL = 7 « I1FIX(FLOAT(N)/6,0)
IF (MCALL.GT,54)MCALL=S4

1 c,
- eeoes TRANSVERSE PLANE NOo loeses
- c__________;“44£x4_£z_1£uucATIONSJJ...,
A(6263625) = A(13625)
_A(186258) = A(6KSA21629)
A(32261625) = A(260]13625)
A(?26018625) = A(91621625)

¢
€ eeeadfY ITFRATIONA,eas
ASSIGN D1ls.DYN.574
____ASSIGN D24,DYN.ST&
ASSIGN D3,y .DYN,574
A(1926) = 0.5 # (A(255])¢A(2552)) . i
A(1927222) = 04,333 & (A(2551322)+A(2552322)+A(2553822)) ;
; A(1949) = 0.333 ® (A(2573) + 2.0%A(2574)) ;
x A(?551324) = A(1951324) ;
\1

___..D1 = cA(3) ® A(19518574) i
D2 = A(39261574) = A(390]13574) + A(527635T4) = A(527735574) i

" D3 = CR(3) # D2 i
A{19513574) = D1 + D3 |

FREE |

C i

c___,,___ -.nnnTPﬁNSVERSE PLAMS 2 - 16340ase ‘

DO B2 JUY=1.MCALL !
JDEL = (JY=1) ® 17AR0A8 f
JDEM = (JY=1) # 1800

[ ol
C .....EX ITEPATION.....
_ . __ASSIGN D1s.DYN,573 L
ASSIGN D2y oDYN,ST3
e ASSIGN D3,y,0YNe573 il . e
Cc
DO 30 MA=1.3
M = JUDFL ¢+ §936# (MA=])
MM = JDEM ¢ 600®#(MA=1) = _  _
Cc
C o se22aSOFT LATTICE TRUNCATIONeeaee

A(RS63eM) = (1,5 # (A(T188+M)+A(T1RGeM))
A(6S66eME2]) = 0,333 ® (A(T]18beM321)+A(T)R9eME21])
1 *+A(T190+M821))

l

. |
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L2 4

e

A(ASAGM) = 0,5 # (A(T209¢M)+A(T210eM))
A(T18ReM3I23) = A(65RAR+M323)
C o
C .....MAIN F.'X LOOPSQ.OO'
D) = A(5963+MISTI) # A(RSHBeMILTI)

D2 = A(11213eM3573)1=A(527T+MI5T3)¢A(10513+M1573)
D S _ ~A(10538¢M35573)
DX = CFXH(62T+MmE5T3) # N2
. ALE6SRRMISTI) = D] ¢ D3
c

: APERTURE SOUKCE CONC 10
IF (M, FD,12%5936) A(6562+M3600)=UXSRC(13600)+A(6562¢M3600)

.30 CONTINUE
FRFF
c .. __
c esosefFY ITERATIONceoeoe
ASSIGN D)1eDYNLBTS
A<SIGN D?OcDYN057‘L
e ASSIGN D3, ,DYNLSTG
C
__ DO 4p MA=143
M = UDFL + 5936% (MA=]))
MM UNFM ¢ A00F (MAw])
(o
C o eeseeSOFT LATTICF TRUNCATION.opee
A(TREP+M) = (0,5 # (A(B4BT+M)+A(B4LRBIM))
- A(TBAReMI22) = 0,333 & (A(B4LBTM322)+A(RGBBIMERD)
1 +A(R4BI+ME22))
e A(7BRSaM) = 0,333 & (A(LS09eM) ¢+ 2 ORA(RSI0em))
A(RGRTeM324) = A(TBAT+MIZ24) -
o
C eeseaoeMAIN EY {LOOPSeqene
—....D1 = A(TP6P+M35T74) ® A(TRBT+MI574)
D? = A(98672+M35T4)=A(983T+MI5T4)eA(11212¢M3IK74)
— 1 =A(1]1213+MI574)
N3 = CEYR(626+MME5T4) # D2
A(TRBT+M3ET74) = D1 + N3
c
c . eeseeEY ENVELOPE COMPUTATION.eeee
N4 = QRVCMPRS (A(TREL1+MIANN) 98X ENS)
o___bhs = YARS (Dae3DS)
RY = DB.GT.A(R"120N%24)
40 A(RS]12+ME24) = NBVCTRL (DS4HYSA(BS12eM324))
FREE
¢ S L
(of eeoeefZ ITERATION G qaee
ASSIGN DlseDYN.599
ASSIGN D2e44NYN.599
ASSIGN D03¢.0YN.599 R
C

DO S0 MA=143

M oz UNFL + 59368 (MA=1)
MM = JNEM ¢ 600% (MA=])
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..nwhum;__ R

o8
C !Q(OQMAJN,FZ LOOPS&L"°“_,W,_ o

D] = A(BR537+m3599) & A(9]1K2+M3599)

D2 = A(105134°3599)=A(10512+M3599)+A(390]1+M3599)

1 -4(9837+M3599)

D3} = CEZR(60]1+MM3599) # D2

A(Q162+M3509) = D] + D3
Cc
Cc eseeesdZ APERTURE SOURCE CONDITION.eose
IF(M.FQ,12#5936) A(9162+M3600) = JZSRC(13600)+A(9162+M3600)
(of
(o8 esnsefZ ENVELOPFE COMPUTATIONg.geqase

D4 = VABS(A(O9T3T+M324)3D4)
. BY = D4,6T,A(978T+M124) -

A(STBTe¢M324) = QBVCTRL (DG sBYSA(QTRTeMEZ4))
ee. D& = QBVCMPRS (A(9161eM3600) s8X3D4) ,

NS = VABS(D&431D5)

BY = DS.GT.A(S812+M324)

S0 A(9812+M3124) = QBVCTRL(DS«BYIA(9R12eM324))

c_ I —
C ..OOOHX ITEQATION.....

DO _60 MA=]1,3

M = JDEL + 5936#(MA=])
ol
C .....MAIN HX LOOPS.O..'

D]l = A(3901eM3599)

D2 = A(1951+4M35099)<A(1926¢MI59G) A (3226+M1599)

1 -pA(9]62+M356Y)

A(3901+M35990) = D] + D2
c
Cc eseseHX ENVELOPE COMPUTATION.eoee

Dé = VABS(A(4&TE4M3I246)3D4)

BY = D4oGT,A(4526+M324)
A(e526eM3246) = QBVCTRL (D4sBYSA(4526eME24))

D4 = NAVCMPRS (A (3900eM3IAR00) o1iX3D4&)
— D& z vARS(D42DS)

BY = D5,GT,A(4551+M324)
60 A[(455]1+M324) = QBVCTRL (DS eBYSA(455]eM324))

FREE
c A__
c eseooHY JITERATION,voeo
ASSIGN Dl,,DYN,.598
ASSIGN D24 ,DYN,.598
c . _ e
DO 70 MA=1,3
L M = JDEL ¢ 5936# (MA=]) o
c
c 20000SOFT LATTICE TRUNCATIONGseas

AA(]1) = 0.5 # (A(11137+M)+A(11138eM))
___AA(2322) = 0,333 # (A 37+4M322)¢A(111384M822)

1 +sA(11139eM122))
—__AA(24) = 0,333 ¢ (A(11159¢M) ¢+ 2,00A(11160em))

AAA(11600) = QBVXPND(AA(1324) yBWSAAA(L13600))
57

S ——————a i e




A(11137+M224) = QRYCMPRS(A(]105]13+M36 BwiaA TeM$26) )

C
c easeeMAIN HY LOOPS 0000
D1 = A(10513+4M3598)
D2 = A(9163+MI50R)=A(9162+ME59K)+A(6563+MI59R)
1 -A(6588+ME50H)
- A(10513¢M3508) = D] + D2
C
A(105]12+M3600) = ORVCTRL (AAA(183600) ¢BWEA(10512+M3600))
A(10512+¢M3600) = QHVCTRL{(0,0+4BX3A(10512¢M8600))
Cc : , o
C esoseHY ENVELOPE COMPUTATION,eese

. Da = VABS(A(11087+M3824)1D4)
BY = DAGT,A(11162+4M324)

70 A(11162+M324) = QBVCTRL(DGoHBYIA(]11162eM324))
FREF
c
c ..'C.Hz ITEPATION.....
ASSIGN D14,DYN.ST3
ASSIGN D2,.DYN.573
c . ___
DO 80 MA=143
_ . _ M = JDFL ¢ 5936# (MA=])
c
Cc eosaosSOFT | ATTICFE TRUNCATION, o0
AR(2) = 0,5 & (A(S8TT+M)+A(S5RTB+M))
AA(332)) = 0,333 & (A(SATT+M32]1)1+A(SRTAMEZ])
{ 1 +A(5RT9+ME21))
___AA(24) = 0.5 ® (A(SAQAeM) ¢ A(SR99¢M))
AAA(13600) = QBVXPND(AA(1324)+BWIAAA(13600))
—— A(RATAeMI24) = QAVCMPRS(A(S2S52+M3A00) ANIA(SBTRIMEIP4))
c
L C o eevseeMAIN HZ LOOPS,.eqs
r D1 = A(5277+M3573)
. . D7 = A6SAReMISTI)I=A(RS52+MISTIV+A(195]1eM3573y
1 -A(1952+M3573)
e A(S277eM3573) = D)l ¢ D
(of
. __A(5251+M3600) = QBVCTRI (AAA(13600),Bu3A(S251+M3600Y)
B0 A(S25]1+M3IEN0) = QRAVCTRL(N.0¢BX3A(525]1+M3600))
. FRFE _
R2 CONTINUE .
. IE(MCALLLLF,S3)G0 TQ 94
c
¢  seeseTRANSVERSE PLANE NOe 164secse
T M = 162 # 5936
S T T U eeeeEXy EZ TRUNCATIONSesees

A(5937+M3625)
A(T23T7+M3625)
A(626+M3625)

A(RS3T7+M1625)

A(6S562eM3€25)
A(593T7+M3625)
_AL72374M3625)
A(9162+M3£25)
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1 o A(RSIT+MIA25) = A(IRIT+ME625)
‘ A (9RIT+ME626) = A(3226M1625)

C essosoHX ITERATIONeosqoe
__ASSIGN D19eDYNG599
ASSIGN D2+sDNYN,596
. Dl_= A(3901sMi599) _
D? = A(195]1+eM3599)=A(1926+4M3I5G09) +A(3226¢M1599)
1 -=A(Q162+M3599)
A(3901+M38G9) = D1 « D2
D6 = VARS (A (44T6+M124)804)
BY = ND4,6GT.A(4526eM124)
. A(4526eM324) = QBVCTRL (D4eBYJA(4526+M324))
D4 = QAVCMPRS(A(3900+M3600) oB8X3D4)
DS VARS (D4 3DS)
BY = D5.,6GT,A(455)+M224)
A (655]1+M324) = QHVCTRL(DS¢BYIA(455]eM324))
FRFE

c
c esseeHZ ITERATION,qeee
ASSIGN D]e.DYN,573
ASSIGN D29+DYN,573
. _AA(2) = 05 ® (A(587T7+M)+A(58TRsM))
AA(332]1) = 0,333 & (A(S87T+M3IZ1)+A(5878+M321)
_1 +A(S5879+M321))
AA(24) = 0,5 # (A(S5R9R+M) + A(5899eM))
. AAM(13600) = QBVXPND(AA(]1326) BWSAAA(13600))
A(SRT6eM326) = QAVCMPRS (A(5252+M8600) yBWEA(SBT6+MI24))

— D1 = A(S52TTeM3ISTI)
D2 = A(65RB+MIST3I)=A(652+M35T73)+A(195]1+M3573)
. — 1 ~A(1952+¢M3573) .
| A(52T7TT+M3ST3) D1 + D?

A(5251+M3600) QRVCTR]L (AAA(13600) BWEA(S525]+M3600))
A(5251+M3600) = QAVCTRL (0.0sBX3A(525]1eM3600))
FREE —
94 T3 = SECOND(CP)
PRINT 150, T3

Cc

€ ee...FIFLD ENVEIOPE PRINTOUT ROUTINEeesss
DO 100 LeENKALF oeNMAXJNMHALF

- (N.FQlLIGO TO 101

100 CONTINUF

_ IF(NJEQJNMAXYIGO TO 101
GO TO 199

C

c eeeesAT HORIZONTAL SYMMETRY PLANEseeee

_10) IF(NJFOJNMAX)JPUN=]
PRINT 102¢ N

_102 FORMAT (1H1+52Xe27HEZ FENVELOPE FOR TIME STEP =,]S,
1 /7/+162X91SHPLANE 7 = 248DXe//e2X91HJs/)
CALL FNV(3BS1+RCLIPUN)

i P e il G it it i i




R i} ! a

PRINT 106y N
104 FORMAT(1H]1952Xe27HHX ENVELOPE FOR TIME STEP =,15,

ool £/+62Xs15HPLANE 2 = 26%DXe//e2Xe1HJe/)
CALL FNV(45264376,741PUN)

Cc
PRINT 105+ N
2105 FOPMAT (1H]1+52Xe2THHY FNVELOPE FOR TIME STEP =,15,
1 /7/7462Xe 1SHPLANE 7 = 24%DXo//92X01HJ0/)
, . CALL ENV(52264376,.7.,1PUN)
¢
C assaahT VERTICA)L SYMMETRY PLANE.sans
PRPINT 106¢ N
_106 FORMATTIN)e52Xs2THEZ ENVELOPE FOR TIME STEP =156
1 //7e62X9 ) THPLANE X = 26,580Xe//92XelHUe/)
o CALL ENV(3RTEIRCIPUN)
>
PRINT 108s N
108 FORMAT (1H]1,52Xs2THHX ENVELOPE FOR TIME STEP =415, ;
Y L 22eb2X ) THPLANE X = 24.5%DXe//92XelHJe/) ;
CALL ENV(4551+376,T4,1PUN)
L oS S
PRINT 109y N
S P P =
1 /7462Xs 1THPLANE X = 2445%DXs//92Ks1HJs/)
. CALL ENV(25T69RCLIPUN) .
c i
199 CONTINUE

200 CONTINUE

201 T4 = SFCOND(CP)
PRINT 150, T4

- s1QP .
END

SURROUTINE ENV(LOCAsSCALE +IPUNCH)
DIMENSION A(973504)41IP{4)100)9NN(25)
_COMMON A

DO 8 I=1.25
A NN(T) = 1

00 1 LY=24163

LOC = LOCA + (LY=]1)®5936

LOCT = 1 + (LY-]1)#?75

JP(LOCTI2S) = SCALF # A(] DC325)
1 A(LOCt?5) = 0,

c .

IF (IPUNCH,EQ.0)G0 TO &
DO 2 1LY=Pe163
LOCT = & + (LY=1)#25
LOCTII = LOCT « 19
2 WRITE(Be3) (IP(LL)«LL=LOCI,LOCIT)
3 FORMaT(1O0L6) . .

60




4 DO S LY=2,163
LYY = 165 « LY
LOCT = S o (LYY=1)#25
LOCIT = LOCI + 19
_ S PRINT 6s LYYs (IP(LL) eLL=LOCIoLOCIT)
6 FOPMAT (1X91345X42016) i
___ ___PRINT 7+ (NN(LL)sLL=Se26) .
7 FORMAT (//+RX42016)

c

RFTUPN
- —— END_ e e
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2.6 Problem F -- Task 5, Case 2
(Section 7.4.2 of Volume 1)

The following 11 pages 1ist the computer program for the 24 x 163 x 48
cell -- 800 time step run of Problem F. The problem solved is a hybrid
method of moments/FD-TD analysis of penetration of a 19.0 cm diameter, 68.5
cm long, open-ended aluminum cylinder by a 300 MHz plane wave at 45° incid-
ence relative to the cylinder axis and TM polarized.




-~

gy . oo

OO0OO0OO0OO0O0O00O 0000 NS

150

PROGKA" FOTL (LsPUuT e 0UTRUT s Tarte(zInPUToeTortr=Tarr 1)

ri't TASKYS~== [tTewbaCIbhG ToE ro=To abThU wiTr Tar vETro).
0OF »UrENTS
CASE I[== STEALY 300 MrZ Tr=PLLARTIZED PLANWE =2 ayE i~kRea AT
CGF a 1940 C™ 1AM Tthy AH e CM LURDe ORFry=FRLry
CONLUCT TG CYLInbER
OFLIQUE=INCIDENCE PLANE wWAVE wiTn CUMPUNENTS E7 ANty hE
MODELED
USING SCrrLckUndFF tuIvate .t TrrOre™ rur wloeTOGn/
GLISSON mM=yu=F APERTURE Lurrt T HATA
24 X 163 X abF CELL Cu=1C SPACE LATTICE IS ustD
UNIT CFLL DIAMETER = DX = Uedl (M = WAVELENGCTH/Z200
EVEN SYMMETRY mAs(OUT LATTICE FPLENE X = 24,9%1L,5 IS ASSUMED :
SOFT LATTICE TrUNCATIONS Arc USEL
PFOGRAM IS OFTIMIZEr FGr TrHE LL( STam=10y

KEAL MUKeMUZ g JAMAGy UXFPHRAGUKRSKL s UZMAGyUlrPrAay ulSRE

VDIMENSION A (2942000) ¢Z(1920U) s,AA(]Z0U) ecut (00))edA(ab]),
PH(24) st (4H) sUF (48} s CA (D) oL (Y9) st rS(3) 951G

DIVENSTON UXMAOG(1200) s JXFPA(LletO) ¢ JXSRC (LU
JZMAC(1200) 9 JZPHA(LcCU) o JZ2SKHC (L)

COMMON A

DESCRIPTOR GleUgesli3eDbgUbelineiFligllePZorUsbVednenXearY ot/

UFSCRIPTOR K

BIT BUHBU(60U) 98V 4V (1200) strwomhw (1200U) s0xeHEgXx (1200)
BEY oY (P4) anle=~AZ (4HK) J
RIT Qe G (1200)
ASS TGN bBULetsrUI(13000)
ASSIGN BVebEnV(131200)

ASSIGN Ewebaw(l31eG0)
ASSIGN BrebEbX(13Y200)
ASSIGH bPYererY(1324)
ASSIGN FZekEZ(LiaY)
ACSIGM FhoebkrO(131200)
ASSIGM DaesiD(l3276)
ASSIGN USeUE(L34H)
ASSIGN D6sUF (liab)

Tl = SFCUOML(CF)

PRINT 156, T1
FORMAT(FZ2(:e5)

evesele FRURLEM PAKAMETERSee g0
FFEGQ = 3e(E+&
UX = 0,005
MER = 3
DuTA ERPS /1.0 lelie 140/
URTA SI0 /040 3.7(*71 "-‘;l/
NMAX = BOO

esvoelle PASIC AND DESIVEL CUNSTANTSeeene
Pl = 3,141%420>
Mliz = 6o # PL # ] ,0b=7
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e 8 i .

OO0

o0

()

~

rbS7Z = mebhar=ly

LT = OX / t.0b+08

wrALF = t.n / FREw /DT
~ = DY / Pet) / PSS/

wh o= NTR$, [/ ARRe, /oM7) LPHL
voo= LT/ eX /o M/

w( = l1,0/r¢

L= 2,0 ® P % bbb v LT

Iron =

CaulliC) = Lo

C~(lsv) = 0,

4y = GRVEFRO(lerDinw)

X = CRVMR L (2647530 X)

VE ¢ I=laevwbr

LAF = k% STo(l) 7/ evS(])
Ca(l) (1eO = BEARY / (a0
cr kE / etS(L)Y / (lav

o...olIIO LU"‘[" VtCT(."‘f

+ tEF)
+ cht)

A.’...

eovoelZbErU INITIAL FItLUSeeese

Z(1315500) = U,
B(181R%G0LY = W
K(PHPARNGLI31HN0G) = O,

seveelYHE OF MED[UMiaewe

REP (AN b ot NN=c (]l ot PR=201)
FORMAT (TRF 1 411)
~thU(ADebGerN[i=c 0]l ot rR=201])
NE LT (Bl eb ot VUSA0] e RR=201])
vl % =213

JOFL = (u=1) % 15500

(Z(1)sI=190600)

(Z(1)eI=%0010e500u)
(£01) 9 I=¢n0193100)

ALJLEL+ISIBS00)Y = £(135315H500)

e h J=lhzelnd
JOEL = (u=1) % 19500

A(ODEL +1519900) = Z(131%500)

4 ;\9(60.4.tfvu=d(‘ll9r.HH=201)
HELD (OG0 o6 otENDI=c(]l ot RF=201)
RELL(ADabGoF =] ek RR=FU])
vl 7 g=laelhui

JFL = (u=1) % 15%Hu0

(Z(1)eI=10e600)
(£(1)eI=500195000)
{(£(1)eI=250193100)

A(IDEL+131500) = 2(181%%vu)

*EHL (AN b et NS0 ] e kH=201)
FEAD (ADeboar Nl l et er=201)
LD (A eab ot PHS2U0] erR=P0])
J = 151

JEFL = (d=1) * 19500

(Z7(1)eI=lebuW)
(Z(L)aI=500195000)
(Z(1)eI=2501031vu)

A (UDFL+181550G0) = 7(13815500)

oc@.o“"’f"‘“wi FXCITaTlUNeoesase

rEED (Al et Z20) abwe=201)

(rrvan (D) el=1lelru0)
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M oad G201

it

Bt 1—&- ..

[N e]

[ple N e

C

15
1¢

12

20

7l

READ (GO s lb et 2 0) aren=pnl)
AN (AN lSet=20] ¢ FARw=20])
READ (6091 6arhL=20leER=P0])
FURMATY (12F 602970 ]1 3Frfh?)
FOEMAT (295F 3,0)

coseeDYt Mt THY An(OUT ¢
P 12 J=PeléeR
Jirel = (J=-1)
KMAX = 4b
0 12 JhA=143
Jho= UlEL e (us=1)%2%00 4+ ]
~“UF (130U0) = mr{Jnienn)
IF (JAFla 3)KMAaKk=4
A{JR+E0H0UT7D) = nUF (HTA824%)
DO 12 K=1le74
KA = (Ke=]) % ¢n
Kb = (KMAXeK) $# P4w
A{UB+KESIZS) = Syf (ra+lsev)

 19n00

sessoerMt IR COLFFICIENT
MESTOGM AIQQL)Y"‘.IR(‘:U
ASSIGN AZeeliYNelZD
ASSTON NREDe Y iel200
Al = 0,
AP = 0.
UG 21 JU=Pel63
JORL = (J=1) *
DO 21 Un=1e3

195¢0

JH = (JA=]1) =000 « ]
JC = JB + 1284
NED = A(JLEL+URIL1200)

VO 20 JJ=1eMPK

tV = NFDGFGJJ

Al = HVCTHRL(Cr(JJ)e=V3al)
A2 = QKVCTHL(CH(JJ) enVIAY)
A(JUDEL+JES1200) = A}
A(UDEL+JCEL200) = 42

F+EE

T?7 = SFCOML(Y)
PEINT 1%0e T2

.....Iv. TIMt-th_PPIN(“
LG 200 N=]1ehMAR
ASSTIGr D]esllYueleny
ASSIGN LPeel.Yuel 2
ASSIGN L3eeliYnelzGo

1
2] ¢
]

FLOAT(Nn) -
N)] el Teligtt
GREVOTHL (LeDerusY )

JxFHA (1310

(VAFPFAR (1) e [=]elrPul)
(VenG(1)el=1elcu0)
(verna(T)el=lelruy)

S rbolitIiAeeees

S.l...

LUCF e a0

0)
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~

Ny # U
VSIMN(HWZ2sL0)
C(131e00) = JxMaG(lileOu) & CR(1l) = LS

> 0N
v

T

C

vl

{3

i1

FLUAT () = JZPha(13)c0v)

11 el TaNg)

(VCTw| (VelLari)31)])

Ry [ - T

U3 VSIN(1ig593)

JZSPEUL18)eut) = JZ0AG(131c0U) ¥ Co(l) # D3
FREE

It H®n

MCALL = 7 + IFRIX(FLOAT(N)/Z604U)
I (MCAL LeteT one) MCALL=D4

ootonTﬁA”’DVEHSE PLANE NUe loeeose
eeosst Xy £Z THUNCATIUNS e 0o
A(TS0131250) = a(131250)
A{1317590) = A(z30018312%0)
A(1620151e50) = A(l701312%0)
A(1P9131250) = Aa(29T7013125v)

ol e

st

¢ cesaotY LTERKAT[ONegosos
ASSTON UleoalsYiellTa
ASSTIGHR N2eeliYhellT4

i ASSIGM LIsliYhelliae

: A(RRBPA) = (4,5 # (A{100]6)+A(LUUTT))

L A(FRB2TI2¢) = LUel333 # (A(100T6sz2)+A(1007T3822)+A(10078822))
M(ERGGL) = (04333 % (A(10090)+2eG#A(1009Y9))

“(100T7h3ra) = L (bknli24)

ACION2A)Y = 0.2 ¥ (A(1010))+A(C1U102))
‘ A(L100273722) = 04333 # (A(10101322)+A(10102322)+A(10103322))
! A{1ONAY) = 0,333 & (A(10123)+c.0%A(10124))

A(10161324) = £(l10001524)

]
C !
1 = Cal3) & A(oBS131176) ;
D72 = A(1159131174)=a(11%2631174)+A(1420131174)=8(1420231174)
WA = (R(3) # Le 2
A(HRS]131174) = 1] + D3 :
FrEE ) 1
c $
¢ cesas THAI SVERSE PLANES £ = 1h3eseee i
10 B2 JY=1lemCalL L i
JIFL = (UY=1) #* 46500 !
C ceoeet X LTENATIONGeeos ‘
ACSTIGEM 1leali¥YiallT3
uCSIGH heeeDY vallTas
LESTOGM U3eelYhell7a
C

30 A=]e3s

66

e A T —




IO

e Ne!

M = JbhEL ¢ 15%00% (mMa=])

.....S()F1 LATTICE TNUﬂLA‘l(II\S.....

A(23002+4M) = UeD # (A(24297+M)+A(24753+M))
F{230034M32]1) = 043334 % (A(lacs5e+Miz))+A(cuern3erilL)
1 *P(c4r=aericl))
A(FZR0P4+NM) = UeH # (A(262T3¢m) b (P0rTasNM))

A(26267+M323) = A(P302T+Miz3)

A(P4P02+M) = ¢S # (A(242TT+M)+n(242TBem))
A(P26203+¢M321) = 06333 & (A(rlaclTemilY)en(luacinemiry)
i sA(carT9emirl))

A(24274+M) = U2 % (a(PdrYaraleb(2479Y))

R(242TT+M323) = A(241TT+m3723)

-.oooMAIh tX LOOPSooo.-
D1 A(1IS52T+r31173) & a(23027T+m51173)
V4 A(29T02+m311T3)=a(1a7U2+M3)1T4)oia({cbhi3Drems] 13y
1 =A({ch3il+mM5]117 )
u3l A(l1oT7T7T7+431173) # by
A(23027T+M31173) = ] ¢ LS

Hnon

PRPRPPRPRN B 3 APFRTURE SOURCE LONDITIONeeeoe
IF (MgENGlZ%159%u0) A(23001+m3Lic00) = UXSKC(LI120U) «
1 A(Z2300]«w3]lE0iu)

) ...F.x Cr‘VELUPt CUMPUTATI().'-:.....
VABS (L (2300]em324) 3i:4)
4e6Tea(2a3014¢M324)

(o
ey

30 A(2430]1+Mica) = GRVCTRL(LOenYTA(Z7e30] +ME24) )

FREE

eeceetY ITERATIUONGeews
ASSIGN l)l.of)Yf\'oll-,“
ASSIGN L2seliYNellT4
ASSIGN L3eeDYNG1L1T4

DO 40 MA=]43
Mo o= JDEL + 15500%(vA=])

-toooSUFT LATTICE TPUNCATIONS.....

A(26326+M) = Ued # (A(255716+M)+A(255TT+m))
A(PG3PT+MI22) = 04343 # (A(/PONTE+MIZL2)I+A(CHDIT+NE2Y)
1 sR(PDHTReM3L22))
A(74349+0) = (4333 % (A(PNDIb+M) 2,088 (25DYYeM))

A(PRS5TO+M324) = A(2635]14M374) '

A(25526+M) = 0.5 # (A(2500]1+M)+A(256(0c+M))
A(PSS2T+M3IZ22) = (4333 % (A(Z200H]4MI22) +A(LCOEU24M 327)
1 +A(H0uidsr i)
A(PHK49¢M) = UYed3d ® (A(POBI34M )2, 0RA(HOCe+M))

A(2S60]+MI24) = A(9%N1emizy)
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~ O

4

S0

1

1

esseeMAlN EY LUUPSs000

Ul = A(lr076+4M31]1T76) & a(26391+M3]1174)
D7 = A(PTNS1+r311T7a)=b (270040 3]11T7a)+A(2P910L+M31]174)
~A(29TUz+M3])1T74)

PR = A(lorTherillTa) & {2
A(Pa301+M31174) = 0]l + {3

cees .l; Y r.N\Itl_UPt'. (:OMpUTATl()f\'QQ ee e
Ub = VALS (# (Pev’lhemi?e) s(:4)
PY = D4 LT A (chHbzheMEZa)
L(29R2a+MI24) = QRVCTHRL (D490 Yin(25626+M324) )

U5 = ORVOCMERS (6 (2746325e¢M3)200) s0X3D)9)
Uk = vanS (1Lhiun)

7 T (heOTeh(rmES])eMIun)

AlPheRlem3ar) = QEeVCTRL(WEenZ ia (2565]1+m340))
FrEE

eceset 7 ITERATIONGeeoe
ASSTIGH D]l eetrYvellyvwy
LESTIGM 1P aeliYNgl1lvw9
ASSIGHN LDseellYNG]1GY

UG 50 MAa=1643
v = JDFL + 1%hug#(mAe])

.-..oh'AI" EZ LO()PS.....

vl = A(Z20501emillug) # A(CHTUL+MF1199)
U2 = A(283h2¢031199)=A(2R3%1+M51199)+A(1]1D26+M81199)
=A(2TU2beM31199)

(13 = A(21Tnlemillyv) ® D?
A(P25T701+m3119Y) = DY + 03

eaveedZ pPERTUNE SOURLE CUNDITIUNsoooe

JF (M EQL12%15500) A(PST0O1+mM31200) = JZSKRC(131200) «
1 ;

A(25701l++31200)

cessetZ ENVELOPE COMPUTATIONGeeses
RA(PAY2AHR+MIF4L) = (0,5 # (A(Z2627T06+M324)¢A(26301+M324))
LG = VARS (A(PH926+emiL6) 3(.4)
BY = NaeGTJA(ZEYS]eME24)
A(PARY5]1+Mi24) = QEVCTRLI(NGeBY A (2699]14M324))
L CRVECMEPRN(B{29TUH0+m31c(C) s X309)
Ut VAFS ('S5 L6)
17 = Dea0GT el (20YTE+MELE)
A(P6RYTAemIGn) = GoVCTRL(L6eB/3A (269T64M340) )

eeoootX [TEHATIUNe oo es
G B0 MAZ] 43
M oz JUNFL + 1%bu0#(va=])
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eveoeMAIl HX LOOPS joeee
V1 = A(11527640i53]1199)
N2 = A(HES]l M3 1]19Y) b (BnPo+mMilluyy)ena(10201ewvi]]avw)
1 eh{zoTuler j1)1%y)
A(11%26+M5]110Y) = L] + .7

ceensaltX CLNVELOPE CUMPUTH1]U."!.. PPN

A(12T7T51+M324) = (45 # (A(Ll2101¢M3P4)*A(lci2Eemiza))
U4 = VABS (A(1275)1+Mm224) 504)
MY = D4.0TLA(Ll2TTOeM;Pa)
Al12TTh+P324) = GAVCTRL (L4 oY 3r (12T7THemM34) )
Us QREVCMFRS (A(115254M31200) s0A3S)

Ve VAES (DS 3uo)

H7 D6HJOTLA(LZB801emM3an)
60 A({1ZANL+MI48) = sVCTRL(DOEenZ3u(]12n01emiac))

FREE

wan

ensoehY ITtHQTI()N-..no
ASSIOGN DlesbYNelluk
ASSIGN L2eeDDYNS]11%9b

UOh 70 MA=143
Moz DEL o+ 15500% (ma-])

eevesSOFT LATTICE TRUNCATLIUNGeese
AA(]l) = Cob # (A(29601eM)+Rr(2%002+M))
AL(2346) = N,333 % (A(PInUl+mioh)sn(gvalierian)
1 +A(PY9603+5406))
KA{4EY = Db ¥ (BA(2904T+m)+A{r%DobsMm))
APA(131200) = wBVXRMD(AA(LlS4c)srwiAAA(LlS)cuL))
D (2660]1+M34Rk) = QRVCMPRS (A(Z0352+eM31200) snwWin (P90l emian))

sevesMMAIN nMY L()GPS....Q

A(2HIHPeMi119K)

Le ALZ25T02¢m3]1)19m)=A{25T01+Mmi119K)*A(230Uremi]l])vwn)
1 =A(23U2T+4M3Y119%)
A(2R35P+M3] 1Y) Dl + L?

"won

H

A{PR38]1+m351200)
A(2H35]1+M31200)

= OMYCTHRL (ARRA(]131200) enwih{en391+751260))
T GRYCTRL (Dquet A3a(283091eMm3)1r00))
seeseelY ENVELOPE COMPUTATIONGesos

A(ZO95TEeMIZ4) = Uen # (A(ZH920+M324) +A(Z8YD I eMIa))

Vs = VARS(A(2YHT6eME24) 3006)

BY = NesbTaA(AYES] +M524)
T0 A(29651+M324) = ORVOTRL (NasAYSA (296591 eMizae))

FRFE

a4 ITERATIONo.ooo
ASSIGH LleaDyfal173
ASSTIGN [B2esUYNS1173
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b 4
' UG &0 MA=143
: Moo= JUDEL ¢ 15900 (MA=])
C
C eeeeeSOFT LATTICE THRUNCATIUN.se0ee
- AA(Z) = O # (A(15a2T+sM)+A(1ha2beM))
L | QL (3345) = 04333 ¢ (A(1%427+mibn)+a(]19428¢Mm54%)
' 1 +A(15629+M}4%9))
Ap(ak) = D¢ * (A(194T2¢M)+A(L1D4T73eM))
ARA(131c00) = WUMVXPND(AA(Lliéen) sHWwSAAA(L131200))
A{154264M348) = UAVCMPRS (A(141TT+M31200)sbwiA(194264M348))
c :
C l....NAIN nZ l,n()PS|olo.
Ml = A(ler(zemsll73)
D2 = A(2302T+Mil173)=A(T52T+m31173)+A(BBS]1+ME]]173)
1 =A(8852+M3]1173)
A(16202¢Mm31173) = D1 + D2
C
Al(lal76+4mM3120U) = UAVCTRL(AAA(LSLI200) voW3A(14]1T764M31200))
A(14176+M310U) = GAVCTHL (LelerX3A(la170+m31200))
C
C eoessoshZ ENVELOPE COMFUTATIUN.eeee
Ve = VAFS(A(14T7TTo+eM324)304)
oY = D4 GT,A(lDaT6+eMi24)
M0 A(156T6+M324) = GRVCTHRL (V4 eBY3IA(154TE+M324))
d FrEE
g nZ CONTINUE
: IF (MCALLoLE53)60 TO 94
E C
} C ceeees TRANDVERSE FLANE NUs 168¢eeas
2 Mmo= 167 # 1550u
i C
! c ceseetXy £Z TRUNCATIONS coooe
i A(P3001+M31250) = A(15501+M51e50)
1 A(15501+ME1250) = A(l6TS1+Ms1len0)
/ A(IATHI+MII2SU) = A(TSN1eM31250)
: c )
A(ZSTOI+M31250) = 8 (18U01+m31250)
A(1H001+M31250) = A(19251+M5ic90)
A(19251+M3125U) = A(10201+Mm81c50)
C
C esoeerX ITERATIONGeooe
ASSTGN 1] e oaDYNG 1199
ASSI()N U?OoDY"ioll‘v‘“
V1 = A(11%P6emil19y)
U2 = A(BHS1em3)199)«n(HH20+¢M31199)¢8(10201¢mi)1vy)
1 =A(25701+M31199)
a{ll%z6+M03119Y%) = 1 + L2
C
A(1PTS)1+m376) = (o5 # (A(lziul+miPa)en(lzlebemiza))
D& = VAES(A(1/7H1+M324) 30104)
Y = NeeCGTL(l2T164M324)
A(leTTheMica) = URVCTRL (D4saY3A(12TT6eMEL4))
C

k!
i
1
1
!
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us QRVCMPKS (A (119254mM3]1200) 9 X3DbH)

' ve VAERS (Dh5UB)

E: r7 NEGTA(1ZB01+M34D)

A(12K01+M348) = WNVCTRL(NDbGeZ3A(LlZuuieMmian))

FREL

C eeesehnZ LTEHATIUNG 000
ASSIGN Ul oliYMe1173
ASSIGN UZ2yelYNG1173
AA(2) = 09 # (A(]1942TeM)+a([0HaPbem))
AA(3345) = (1333 # (A(1562T+M3645) A (1DacH+Miak)
1 +ha(lDaecyeMmiah) )
AA(4R) = Db # (A(194T2+r)+A(lnaT3er))
ARA(131200) = LAVXPND (AR (L134n)srwiaAb(]131200L))
A(15426+M348) = WAVCMPRS (A (141 7T7+M2]1200) 98030 (1hal0eMian))

A(14202+m31173)

be A(7307T+m311T3)=A(TH2T+m311T3)+a(akble1173)

1 =A(HAn2ei1173)
A(1420P+M31170) DLl & NDg

3 A(164176+M31200) GAVCTRL{AAA(LIS1200) esW3A(])a]1T6em531200))
A(l4176¢M31200) (HVCTRL (Dot X3A(1417064M3]1,00))

D& VAES (A (16T7TH+m324)304)
BY = D4eGCTeA(154T7b+M324)
A(154T6+M3z6) = GHVCTRL (D& eoY Ak ()1naTEei24))
FREE
94 T3 = SECOND(CF)
PRINT 150s T3

c eoesefF JELU ENMVELOPE PRINTUUT FUUTINEesess
DO 100 L=ivbALE oNMAX ¢ NHALF
IF (NEQeLL)HGO TO 101
100 COMTINUE
IF(NFQ.NMAX)IGU TO 101

GO TO 199
’ C
c ceoeeAT MURIZONTAL OBSERVATION PLANF sesee
IPUN = O

PFINT 102¢ N

102 FORMAT (1H]1eS52Xe27HEX EnVELUFe FUOR TIve STl =419
1 //7e62A9 19HFLANE 7 = 24%UXe//92Kkolnder)
CALL FNV(BEN]L «204RCeIPUN)

PRIMT 103s N

103 FORMAT(1P1e952A¢2THEY ENVELOPE FOR TIME STEP =415
1 /7 et2ARe19FRPLANE 2 = 43%UXe//92X9110U0/)
CALL ENV(10120020¢rCeIPUN)

PKINT 104e N
106 FORMAT (1R]1952Xe27THEZ ENVELUPE FOUR TIME STEP =419
1 //7962X915HPLANE 2 = 26%DXe//e2A01lNus/)

n




&
!

OO0

Callt FMV{11a51e/7GenCoyIPUN)

PRINT 10%e M

109 PUFRMAT (1R eS2Ae27TrrX ENVELOPE FUK TIME STEP =415
1 /ZebrAasloHrLanNtE Z = ca%pPXe//elReltUe/)
CELL FNV{12T7T0s20e3ThaTyIPUN)

RINT 100e N

108 FORMAT (1P 1e9%2Xe27hFY tnNVELUPE FOR TIme STol =419,
1 J/+62X915nPLANE 2 = 2b%OXe//e2X91NVe/)
CALL ENV(14191e2043T7T0,ToI1FUN)

PEIMT 16T n

197 FORMAT (1R1eS2PAe27THNRZ ENVELUPE FOR TIME STer =415,
1 /702X |9HFPLANE 7 = e%UXe//e2XelNJe/)
CALL EMNVI194T76920437H701PUN)

ceeoeeihT VERTICAL SYMMETKY PLANE geeee
PRINT 10ne N
108 FORMAT (1nlo57Ae27TREZ ENVELOPE FUK TIME STeP =415,
1 /796 ZRs 1 THPLANE X = céeheNXe//e2X01lrUe/)
CallL EMVI114T70e404RCeIPUN)

PRINT 109e N

1090 FORMAT (1h1leSZXe2THHX FNVELUFE FOK TIME STEF =4]5,
1 //962Ae1THEILANE X = 2445%0Xe//eCX91iJe/)
CALL EMNV(1280]104093T76,T4IPUN)

PRINT 110 W

110 FOFMAT (1HY 992X e27THEY ENVELUME FOR TIME STEF =415,
1 /7/7062Xe1THPLANE X = 24e5%DXe//92X0lNue/)
ChLL FRVI10151eaUe~ColPUN)

190 CONTINUE

0D CONTINUE

201 T4 = SECOrD(CV)
PPINT 150¢ To
STOP
er e

SUHKQOUTINE BNV ILGCAoNUMSLALE s LFUNCH)
DIVENSIUN A(2242000) o IP (H00U) oliM(DO)
COvmMON &

L 1 I=14%0
1 Wty = 1
IP(1sx0D0) = 0

W 2 LY=Z2elad

LOC = LUCA o (LY=]1)21%900 + &

LOCT = 1 + (LY=]1)#®a0

IPILOCTIINRUM) = SCALE & A(LOCINUM)
7 A(LOCstuUM) = 0,
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Ly

& W

DI N2

[E (IPUNCR G UuIGY TU »

b0 3 LY=?2s163

LOCT = 1 ¢ (LY=1)%a0

LOCII = LOCI = 1 + NUM

WEITE (Bea) (IP{LL)oLL=LOCIsLLCLT)
FORMAT(1016)

LXM = NUM/ZO

D0 K LX=]1olaMm

LXxA = 1 ¢ (LX=1)®2Q

LA = LXA + &4

LZ = LA + 19

00 6 LYS2el03

LYY = 165 = LY

LOCT = XA + (LYY=])®4D
LOUCTII = LOCT + 19

PHINT Te LYYs (IP(LL)sLL=LOCLILUCTIT)
FOPMAT (1X91392K42016)
PRINT 96 (tH(LL)eLL=LAWLZ)
FORMAT (//s8Xect b/ ///77)

RETURN
END
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2.7 Problem G -- Task 5, Case 3
(Section 7.4.3 of Volume 1)

The following 13 pages list the computer program for the 24 x 100 x 48
. cell -- 1800 time step run of Problem G. The problem solved is a hybrid
method of moments/FD-TD analysis of penetration of a 12.8 cm diameter, 28 cm
Tong, missile guidance section by a 300 MHz plane wave at axial incidence,
for the case of the interior dielectric components, metal components, and
wires modeled.




OOOOOOOOOODOOOOO

150

PHROGRAM FDTD (INPUTQUTPUT»TAPEBO=INPUT» TAFLE=TAFE )

RUN TASKSe== INTERFACING ThHt FL=TD METHOU wlTr ThAr METHGD
OF MOMENTS
CASE IIJ~ STEAUY 300 MHZ PLANE wWAVE IRRAUIATION OF A
12.8 CM DIAMETEK MISSILFE GUIDANCLE SECTION

INTERIOR METAL AND DIELECTHIC COMPONENTS MOULELED

AXTAL-INCIDENCE PLANE WAVE W1Th COMPONENTS £Z AND HX MODELFD
USING SCheLKUNOFF EQUIVALENCE THEOREM FUR WILTON/
GLISSON M=0=M APERTUKE CUKRENT DATA

24 X 100 X 48 CELL CUBIC SPACE LATTICE IS USED

UNIT CELL DIAMETER = DX = 0433 CM = WwAVELENGTH/300

EVEN SYMMETRY ABOUT LATTICE PLANE X = 26,5%uXx IS ASSUMED

SOFT LATTICE TRUNCATIONS AKRE USED

PROGRAM IS OPTIMIZED FOF THE LLC STAR=100

FEAL MURIMUZ g JXMAG s JXPHA ¢ JXSHL I JYMAGs UYPHAS UYSRCyJZMAGY
JZPHA 4 ZSRC

DIMENSION A(1565500)¢Z(15900)+AAA(1200) sBUF (600) sAA(GEH),
DD(24) yOE (48) yDF (45) 9CA(9) ¢ CH(9) 9EFS(9) ¢SIG(9)

DIMENSION JUXMAG(1200) «JXPHA(12U0) o JXSRC(1200L)
JYMAG (1200) o JYPHA(1200) 9JYSRC(1200) o
JZMAG(1200) o JZPHA(1C00) ¢JZSRC(1£2060)

COMMON A

DESCRIPTOR [D]19U2eD39D6eDSsUOINFDyALsA29HUIBVeBWetsXoeRY gkZ

DESCRIPTOR HQG

BIT BUsBBU(600) sBVeBBV(1200) oPwoehBW(1200) esXedsX(1200)

BYBBY (24) o7 +HBZ (48)

BIT BQ, BBQ(1200)

ASSIGN BURRU(13600)

ASSIGN BV.BEV(131200)

ASSIGN Bw.BBW(131200)

ASSIGN BXeHKEX(131200)

ASSIGN BY.BBY(1324)

ASSIGN BZ+BHZ(1348)

ASSIGN BQIPBG(131200)

ASSIGN D44DD(1324)

ASSIGN DS54DE(l348)

ASSIGN D64DF (134R)

Tl = SECOND(CP)

PRINT 1506 T1

FORMAT (F20.5)

eeveols PHOBLEM PARAMETEKRS, 440
FREQ = 3.0E+8
OX = 0,01/3.0
MPR = 9
DATA EPS /14209 1e00 109 559 4,59 S¢39 1e0s 1,060 &,0/
DATA SIG /70,00 34Tt *Ty 0s02590 G4,00249 000089 0400 KoEL+b,
3,77y 0,01/
NmMax = 1&00
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OO0

> CH(I)

a0 TR G T v AT o A v A SR s o s o

eeceelle PASIC AND DERIVED CONSTANTSeeese
PI = 3,14159265
MUZ = 4,0 # PI & 1,0E=7
EPSZ = B,854E-172
DY = DX / 6.,0t+8
NRHALF = 0.% 7/ FREGQG /7 DT
R = DT / 2.0 / EPSZ

RA = DTe&Z / LAWR? / MUZ / &¥SL
R = DT 7 Ox / my2Z

RC = 1,G/FH

RD = 2,0 & PI # FREQ # DT

IFUN = 0

CA(139) = 0,

CH(139) = 0,

B = GBVMKO(lez253kw)

BX = QKVMKZ (P44+25inX)

LO 2 I=]leMPR

EAF = R # SIG(I)Y / EPS(])

CA(]) (160 = EAF) / (1,0 ¢ LAF)
RA / EPS(I) / (1,0 + EAF)

eeseellle LOAD VECTOUR Acseses
.....ZERU INITIAL FI&LDS.....
Z(1315%00) = 0.
A(1315500) = V.
A(15500013515500) = o,

ceossTYPE OF MEDIUMgesnee
READ (6004 +END=2014ERR=201) (Z(1)eI=1+600)
FORMAT (75F1.0)
READ (6044 sEND=2019ERR=201) (Z(1)s1=5001+5600)
READ (6094 +END=2014ERR=201) (Z(1)e1=2%0193100)
VO 5 JU=2s+14
JOEL = (J=1) # 15500
A(UDEL*138155%00) = Z(1315500)

DO 6 JAS15eT7107

READ (60 +49END=201+ERR=201) (Z(I)9I=14600)
READ (0 e4oEND=20l et RR=201) (Z(1)s1=5001450600)
READ (RO saoeENDZ2014ERR=20]) (Z2(1)y9I=250193100)
JDEL = (JA=]1) #* 15500

A(JUDEL+1315500) = 2(1315500)

READ (AN ¢4 oENDS2014ERR=201) (Z(1)eI=1+600)
READ (6046 4ENDSZ20190ERF=201) (Z(I)91=5001+5600)
DO 6 JB=146

JODEL = (JAs+yR=1) & 158500

A(JDEL+1315500) = Z2(1315500)

DO 7 JU=93,100

JOEL = (J=1) # 15500

A(JDEL«13155%00) = Z(1315500)

READ(F0e4oEND=201+ERR=201) (Z(1)91=14600)

7€
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Fodaty

10

11

READ (A0 04 4ENDSCOL JERR=P0L) (2(1)9I=56019e5000)
READ(60964ENDZZ01+ERR=201) (Z(1)y1=2501+3100)
DO 8 JU=T5.77

JDEL = (J=1) # 15500

A(JUDEL+13155%00) = Z(1315500)

READ (6094 ¢END=2014ERR=201) (Z(1)+1=250143100)
Jd =74

JOEL = (J=1) # 15500

A(JDEL+1315%00) = Z(1315%500)

READ (6094 sEND=Z0Y9ERR=201) (Z(1)eI=14600)
READ (60+4 sEND=20]1 yERR=201) (Z2(1)e1=500]195600)
J =79

JOEL = (J=1) * 15500

A(JDEL+1315500) = Z(1315%%00)

READ {6094 ¢END=201,ERR=201) (Z(I)eI=19600)
READ(60+4+END=2014ERR=201) (Z(1)91=5001+5600)
READ (6004 +END=2019ERR=201) (Z(1)s1=250143100)
D0 9 JU=80.84

JOEL = (J=1) # 15500

A(JDEL+1315500) = 2(1315500)

READ (6094 9END=2019ERR=201) (Z(1)41=225%013100)
J = 85

JDEL = (JU=1) # 15500 )

A(JDEL+1315500) = Z(1315500)

READ (6094 +END=2014ERR=201) (L(I)y1=14600)
READ (6094 +END=2014ERR=201) (Z(1)41=5001+5600)
READ (6004 9END=2014ERR=201) (Z(1)+1=2%01+3100)
D0 10 J=86,487

JDEL = (J=1) ¥ 15500

A(JDEL+1315500) = 2(13415500)

READ (6094 4END=C0]14ERR=201) (Z(1)91=14+600)
READ (6094 +END=2014ERR=201) (Z(1)s1=5001+5600)
READ (6094+END=2014ERR=201) (Z(1)41=250143100)
DO 11 JU=88,491

JDEL = (J=1) % 15500

A(JDEL+1315500) = Z(1315500)

REAU (6094 3ENDS201 9ERR=201) (Z(1)e1=10600)
READ (A0 ¢4 4ENDSZ0]4ERR=201) (Z(I)e1=5001+5600)
J = 92

JOEL = (J=1) ® 15500

A(JDEL+)315%00} = Z(1315500)

eese o APERKTUKE EXCITATIUNGes04
READ (609 154END=2014ERR=201) (UXMAG(T) 9yI=19025)
HEAD(600169FENU=20]14ERR=20]1) (UXFHA({I)sI=1462%)
READ{609159ENU=2014ERR=201) (UYMAG(T) vI=19625)
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17
c
c

HEAD (60916 9ENUZ=201¢ERR=201) (UYFHA(T) 9 I=19625)
READ (600 159¢FENU=2014ERR=201) (UZMAG(]) 9 1=149625)
READ (60916 eEND=2019ERR=201) (UZPHA (1) 9 1=19625)

FORMAT (12F6,2¢/413F6,2)
FORMAT (25F3.0)

eeesePARTIAL SYMMETRY ABOUT 72 = 2440%UXeq000

DO 12 J=2+100

JOFL (J=1) #* 15500

KMAX 49

DO 12 JA=]13

JB = JUDEL ¢ (JVA=1)#2500 + ]
BUF (13600) = A(JBI600)

HU = BUF (13600).GT,6,5

BUF (13600) = WBVCTRL(3,0sBUSBUF (13600))
IF (JALEQ.3)KMAX=4EH
A(JR+600325) = BUF (576325)
DO 12 K=1y24

KA = (K=1) & 25

KR = (KMAX=K) # 25
A(JB+KR3I25) = BUF (KA+132%5)

"on

..l.nNON-SYMMETQIC GROUND WIREeeeoo
DO 13 JU=63457

JDEL = (y=1) # 15500
A(JDEL+3199) = 7.0
A(JDEL+3724) = Ta.0
A(JDEL+5699) = Ta0

DO 14 K=18+28
KDFL = (K~1)#25 + 24

A(JDEL+2500+KVEL) = 7,0
A(JUDEL+S5000¢KUEL) = T.0
A (JDEL+20500+KVELY = 7,0

esoe s APERTURE EXCITATIONeosas
DO 17 K=2+24
KA = (K=1)%#25 + 1
KE = (49=K)#25 + 1
JXMAG (KB325) -JXMAG (KA$25)
JXPHA (KB325) JXPHA(KA3295)
JYMAG (Kb $25) -JYMAG (KA$ZD)
JYPHA (KR §25) JYPHA (KA $2S)
KA = KA = 25
JZMAG (KB 325)
JZPHA (KB325)

JZIMAG (KA3Z2S)
JZPHA (KA$25)

eesooMEDIA COLFFICIENTSesesos
ASSIGN AleeDYN.1200
ASSIGN A2+eDYN.1200
ASSIGN NFDeosDYN4,1200
0.
0.

Al
A2

nwu
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(e NeNe] (g

20

21

D0 21 J=?+100

JDEL = (J=1) # 15500
D0 21 JA=1.3

JB = (JA=1)#2500 « ]
JC = JB ¢+ 17250

NFD = A(JDEL+JR31200)
DO 20 JJ=1sMPR

BV = NFD.EQ U
Al = GAVCTHL(CA(JJ) 4HBVEA])
A2 = QAVCTRLI(CH (UV) eBVEAZ)

A(JOEL+UB31200) = A1l
A(JDEL+JC31200) = A2
FREE

T2 = SECONDL (CY)
PRINT 150, T2

ceeeselVe TIME=STEPPING LOUP geeee
00 200 N=14NMAX
ASSIGN D1+.DYN,1200
ASSIGN D24+,0YNe1200
ASSIGN 03+¢40YN,1200

DY = FLOAT(N)Y = JUXPHA(13]1200)
BQ = D]1eLTe0.0

D1 = QAVCTHL(0.04BG3D])

D2 = D1 # wvD

03 = VSIN(D23VL3)
JXSRC(131200) = JXMAG(1312V0) # CH(1) # L3

D1 = FLOAT(N) = JYPHA(13])200)
#He = DloLTo0.0

D1 = NAVCTRL{0.04b0Q3D1)

D2 = D1 # KD

D3 = VSIN(D2IDI)

JYSRC(131200) = JYMAG(131200) # CB(1l) # D3

D1 = FLOAT(N) = JZPHA(]131200)
BQ = D1eLTe040

D1 = QG8VCTRL (0.04+G30D1)

D2 = D1 # PD

D3 = VSIN(D23D3)

JZSRC(131200) = JZMAG(131200) +# CR(1) # D3
FREE

MCALL = 33

eoes s TPANSVEKRSE PLANE NOo leseoe
seveebXe B! THUNCATIONScevee
A(750181250) = A(131250)
A(1312%0) = A(Z300131250)
A(1020131250) = A(125181250)
A(12513125%0) = A(25701312%0)

79




' c
‘ C cooooEY ITERATION...DO

b ASSIGN D14.0YNS1174
ASSIGN DPeoDYN,1174
ASSIGN U3e.0YNL1174

. A(BH26) = 0.5 ® (A(L10076)+A(L10LTT))
‘ A(882T3122) = Ue333 # (A(100703522)+A(100773522)+A(10078322))
A(RRGO) = 0,333 # (A(10008)+2.0%p(10099))
A(10076524) = A(B651324)

AC100P6) = 0,9 # (A(10101)+A(10102))

A(10027322) = 0,333 # (A(10101322)+A(10102322)+A(10103322))
A(10049) = 0,333 # (A(10123)¢z.0%A(10124))

A(10101324) = A(100013824)

CA(3) # A(B85131174)

D2 A(l1%5151174)=A(1152631174)+A(1420131174)=A(142023)174)
L3 CB(3) # D&

A(RBS5131174) = D1 + N3

FREE

vl

[}

C o..o-TRANSVEHSE PLANES ¢ = 10000ces
D0 82 JY=1eMCALL
JDEL = (JY=1) #* 46500

C .ooo.tx ITERATIONC...O
ASSIGN Ul’oDYNoll73
ASSION D2e.LYN.1173
ASSIGN D3y .DYNG1173

oo

0 VO 30 MA=]1,3
M = JDEL ¢ 15900%® (MA-1)

gy i

! c reeseSOFT LATTICE TRUNCATIUNSseess

. A(23002+M) = 0.5 # (A(24252+M) +A(24253+M))
A(23003+M321) = 04333 & (A(26252+M32]))+A(24253eM321)
1 +A(264254eMm321))
A(23024+M) = (1,5 & (A(2642T73+M)+A(242T4eM))
A(24252+M323) = A(23027¢M323)

A(24202¢M) = 045 & (A(242TT+M)+A(242T78+M))
A(24203+¢M321) = 04333 # (A(242TTeM32]1)¢A(24278+M321)
1 +A(24279+M321))
A(242244M) = 045 # (A(2429b+M)*+A(246299))

A(242TT+M323) = A(261TTeMi23)

C .....“AIN EX LOOPS..OQO
D1 A(15527+M31173) & A(23027+M31173)
L2 A(29702+M31173)=A(14202+M351173)+A(28352+M31173)
1 =A(28377+M31173)
D3 = A(16777+M31173) # D2?
A(23027+M31173) = L1 + L3
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o eoeeesX APERTURE SOURCE CUNDITIONesesee
IF(M,EQe12%15500) A(23001+M31cl0) = JUXSRC(131200) +
1 A(23001+m31200)

C

C o.oo.Ex ENVELOPE COMPUTATIUNGeoeoe
D4 VABS (A(23601+m324)3D4)

BY Da.GTQA(24301’M‘2“)
30 A(24301+M324) = QEVCTRL(D4svY3A(2630]1eMmi249))
FREE

c eeeeeEY ITERATION.sqeoe
ASSIGN DlyDYN,1174
ASSIGN D2+.DYNW1176
ASSIGN D39,DYNG1174

DO 40 MA=]1,3
M = JDEL + 15500#%# (mA=])

(o8 ee00eSOFT LATTICE TRUNCATIONS.sese
A(24326+M) = 05 & (A(255T6+M)+A(255TT+M))
A(24327+M322) = 0333 & (A(59T6+M322)+A(2D5TTeM322)
1 +A (250 THeME22))
A(24369+M) = 04333 8 (A(25O98+M)+2,08A(25594+M))
A(255T6+M324) = A(2435]1eM324)

A(25526+M) = 0.5 & (A(25601+M)+A(25602+¢M))
A(2552T7TeMI22) = 04333 # (A(25601+M322)+A(296024M322)
] A (29603+m322))
A(25549+M) = 04333 # (A(25623+M)+2,0%#A(250626+¢M))

A(25601+M324) = A(25501+M324)

c OOOQOVAIN EY LOOPS.....
D1 A(1B026+ME11T4) # A(24351+M31174)
D2 A(2T051eM31)T74)=A(270264M51174)+A(29701+M31174)
1 ~A(29702+M31174)
D3 = A(19276+M31174) = D2
A(24351+M31174) = D1 « D3

c esesoJY APERTURE SOUNCE CUNDITIUNeesoe
IF (M EQeB3%15500) A(26326+MI120CG) = JYSKC(151200) +
1 A(263c0em31200)

C seeeostY ENVELOPE COMPUTATIONseese
Da VABS (A (249264M324) 35D4)
BY D4.GTA(25626+M324)
A(25626+4M324) = QHBVCTRL(D%snBY A (25626+¢M324))

DS QBVCMPRS (A(24325+4M31200) +X3D5)
06 VABS (DS53U0)
82 D6.GTA(25651+4M348)
40 A(25651+4M348) = QBVCTRL(DOsBZSA (25651 +M348))

FREFE
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S0

60

1

1

1

PR ¥ 4 ITERATIONs o oo
ASSIGN DlyoeDYN.1199
ASSIGN D29.0YNG1199
ASSIGN D39,DYN.1199

DO S0 MA=]1,3
M = JDEL ¢ 15500% (MA=])

seeessMAIN EZ LOOPSeseee

D1 = A(20501+M31199) & A(25TU1+M31199)

D2 = A(2B352+M31199)=A(28351+M31199)+A(11526+4M51199)
=A(27026+M31199)

D3 = A(21751+M31199) # D2

A(25701+M31199) = D1 + D3

esseedZ APERTURE SOUKRCE CUNDITIONsesees
IF (M ,EQel2#15900) A(25701+mM31200) = JUZSRC(131200) <
A(25701+m31200)

eeseefEZ ENVELOPE COMPUTATION,oese
A(269264M324) = 0.5 # (A(262T6+M3246)+A(26301+M324))
VD4 = VAHS(A(26926+M324)304)
BY = D4.GT,A(26951+M324)
A(26951+M324) = QBVCTRL(D49BY3A(2695]1+M324))

DS = QB8VCMPRS (A (25700+M31200) o5X3D5)
D6 = VABS(DS53D6)
B7 = D6GTL,A(269TH+MILB)

A(269T6+M348) = QBVCTRL(DO9BZIA(26976+M348))

.OOQOHX 1TERATION.....
DO 60 MA=1,3
M = JUDEL ¢+ 15500%(MA=])

eseooMAIN HX LOOPS,qeeee

A(ll15264M31199)

A(BBS51+M31199)=A(8826+M31199)+A(10201¢M31199)
=A(25701+M31199)

D1
D2

A(11526+M31199) = D1 + D2

eesssFX ENVELOPE COMPUTATION.qese
A(12751+4M324) = 0,5 # (A(l2101+M324)¢A(12]126+M324))
D& = VABS(A(12751+M324)3D4)
BY = D4oGT,A(12776+M324)
A(12776+M324) = QUVCTRL (D4sBYSA(127T76+M324))

DS = QBVCMPRS(A(11525+M31200) obX3DS)
U6 = VABS(DS3U6)
BZ = DARGTLA(12801+M348)

A(12801+M348) = QBVCTRL(D69B23A(12801+MI48))
FPREE




1

1

T0

1

1

eeveoeHY ITERATIONQ....
ASSIGN Dl DYNG114s
ASSIGN D2+4.DYNG116b

DO 70 MA=1,3
M = UDFL ¢+ 15500% (MA=])

o.oo.SOFT LATTICE TRUNCﬁTlUN.....
AA(1) = 045 % (A(29601em)en(2%602+4M))
AB(2346) = 0,333 % (A(2960]1+M346)+A(29602+M346)
+A(29003¢M346))
AA(4R) = 0,5 % (A(29R4T+M)ep(cytbuHeM))
AAA(131200) = WAVXPND(AA(1340)ertwsaAA(Ll3lclin))

A(29601+M34F) = WHVCMPRS (A (ZB352+M31200) oHaiA (2960 eMIGk))

..Q..MAIN hY LOOPS.....

A(28352+M31198)

A(25702+M3119R)=A(25TO01+M31109R)+A(23ULAWME]]1YH)
A (23027+M3]1]19Y)

01
02

A(P8352+M31198) D1 + we
A(28351+M31200) =
A(PB351+M31200) = QBVCTHL(UeD9EX3A(2HISL+M31200))

cessshY ENVELOPE COMPUTATION, o0
A(P9STE+MIZ4) = 0,9 & (A(28Y26eM3IP4)+A(2HYD]+M324))
D6 = VABS(A(295T76+M324)3D4)

HY = D44GTA(2965]1+M526)
A(29651+M324) = QHVCTRL (DaenY3A (29651 +M524))
FREE

seeeoMHZ ITERATIONGosos
ASSIGN DI.QDYN.1173
ASSIGN D2+.DYNL1173

DO 80 MA=]1,3
M = UDEL + 15500% (MA<])

eesssSOFT LATTICE TRUNCATIONsease
AA(2) = 045 # (A(15427¢M)+pa(lbe?PRaeM))
AA(3345) = 04333 & (A(1H42T+Mi45)+A(15428+M3ab)
+A(15429+M145))
AA(4B) = (oS # (A(1S4T72em)¢h(15aT3e¢M))
AAA(181200) = QBVXPND(AA(Ll34d)enwiAAA(L3)1200))

GAVCTRL(AAA(L131200) obW3A(E3S51eM31200))

A(15426+4M348) = GBVCMPRS(A(14)17T7+M31200)9BR3A(]15H42b¢MF4E))

...’.MAIN HZ LOOPS.....

A{l4202+M31173)

A(23027+M31173)=A(T52T+M31173)+A(H8851+M41173)
~A (HBS2+M31173)

D1
D2

A(l4202+M31173) = D1 + D2

A{14176+M31200) = QBVCTRL(AAA(LII1200) ¢ydwsA(14]1T0eM31200))
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az

A(le176+M31200)

PRSP o 4 ENVELOPE COMPUTATI(INeeee s
V6 = VABS(A(1e7T76em32a) 3034)
RY = DesGT A (154T6+M324)
WHVYCTRL (D@ enYiR(]1546ToeMmize) )

A(154THeM324) =

FRFE
CONTINUFE

IF(MCALLLE L32)60 TO 94

o.oooTRAN5VERSE PLANE NO.

M = 99 # 15500

esoossb Xy t.tZ TRUNCATIONSeessee

A(23001+M31250)
A(15501+M31250)
A(16751+M31250)

A(25T701+m31250)
A(1RON]+M31250)
A(19251+M35125U)

A(15501+M3leb0)
PU16TH1+Mileb0)
A(TS50]1eME1250)

A(1H001+eMilcH0)
A(19251+M31e50)
A(10201+Mile50)

eesesehX ITERATION,qees
ASSIGN D]l selYNe1l16Y
ASSIGN D2P2eeaNYNS]1166

1

A(ll9D264751169)

10100...

]

GAVCTHL (0e0orX3A(141T760¢M31700))

f1g = A(HHS]1eMIL]10U)=A(HE26eM3]1)099)+A(102014M3]1199)
=A(25701+M3]1199)

A(115276+M31]19Y9)

A(1275]1eMirae) =

Oeo #

Ll « 02

04 = VAES(A(1Z2T5]em324)3D64)
BY = D4eGT4A(12TTE+ME24)

Al]l27T764Mm324) =

A(12R01+M346) =
FREE

o.‘..HZ ITERAYION...'.
ASSIGN L1eebYNe1173
ASSIGN L2eoBiYNG11T73

AA(?) = 05 =

QuVCTRL(D4enY3A(12TTO+MIZH))

! 05 = QAVCMPRS (A (11525+M31200) 9 X3D5)
% U6 = VAES (DSsU6)
] 57 = D6GTLA(12801+M348)

QHEVCTRL(NbenZ3A(1280]1+M340))

(A(1542TeM)+A(LD4PReM))

(A(12101+M524)+A(12]1264M8324))

AA(3345) = (0,333 # (A(1542T+M345)en(156284M145)

1 +A(15429+¢M345))

AA(4R) = 05 * (A(156T72+M)+A(]154T73eM))

AAB(13127200) = LWBVXPND(ABA(L134n)sRWIAAA(LI1200))
A(]19426eM34R) = QRVCMPRS(A(1alT7T+M31200) sbBWSA(1D4cOeMELR))

01 = A(l42G2+M81173)
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D2 = A(23027+M31173)=A(TS2T+M311T73)+A(B8BS1+r$]1]173)

| A (BESZ2eM311T73)
A(164202+M31173) Dl « D2

A(l141T6+M31200) QGBVCTRL (ARA(L13]1200) sHWEA(16])T6eMi1200))
A(lel1T76eM31200) OBVCTRL (0eVsbX3A(]14)TOSM31200))

D4 VABS (A(14776+M324) 304)

ny D4 eGTA(154T6eM124)

A(]1564T6+M324) = QHVCTRL (D4sBY3A (154T6eMi24))
FREFE

T3 = SECOND(CP)

PRINT 150, T3

eossefF JELD ENVELOPE PKRINTOUT ROUTINE eeses
DO 100 L=NHALF s NMAXoNHALF
IFINLEQLLIGO TU 101
CONTINUE
IF(NJEQ.NMAX)GO TO 101
GO T0O 199

eoeeeAT NORIZONTAL OBSERVATION PLANEeessse
101 IF (N,EQ.NMAX) IFUN=]
IPUN = 0O
PRINT 102+ N
102 FORMAT (1H]1¢52Xe2THEX ENVELOPE FOR TIME STebk =415,
1 //7962Re 1SHPLANE Z = 24%DX4//e2XslHJy/)
CALL ENV(88019204sKCoeIPUN)

PRINT 103+ N

103 FORMAT (1H]1952X927HEY ENVELOPE FOR TIME STEP =415,
1 7/ 462X 1OHPLANE Z = 24%DXe//92X91NJ0/)
CALL ENV(101269204RCoeIPUN)

PRINT 1044 N

104 FORMAT (1H1452X927HEZ ENVELOPE FOR TIME STEP =,15,
1 /7962Xs 15HPLANE Z = 24%DXe//92X01HJa/)
CALL ENV(114514204RCyIPUN)

PRINT 105¢ N

105 FORMAT(1H]1+52Xe27HHX ENVELOPE FOR TIME STEF =414,
1 //962Xs ISHPLANE Z = 24%DXe//92XKe1HJs/)
CALL ENV (1277692003764 79IPUN)

PRINT 106y N

- 106 FORMAT (1H1952Xe2THHY ENVELOPE FOR TIME STEP =415,
1 //7962X9 15SHPLANE Z = C4%DXoe//92R01RUe/)
CALL ENV(14151+200376,7+IPUN)

PRINT 107+ N

107 FORMAT (1H]) 952X 927HHZ ENVELOPE FOR TIME STEP =415,
1 /762X 9 15HPLANE Z = 24%DXe//92X91HUs/)
CALL ENV(154704204376,T7¢1FUN)
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ceeesAT VERTICAL SYMMETRY PLANE eess
PRINT 108¢ N
108 FORMAT(1H]1952Xe2THEZ ENVELOUPE FOR TIME STEP =415,
1 //962Rs L THPLANE X = 24.54DXe//92X01NJe/)
CALL ENV(114T70940eRCeyIPUN)

PRINT 109s N
109 FORMAT (1H1¢52X927HHX ENVELOFPE FOR TIME STEP =415,
1 //+62Xs Y\ THPLANE X = 264,.5%DX¢//02X91HJe/)
CALL FENV(12801940¢376.791PUN)
CUR]1 = A(49%#15500+1017H) # KC # 73,33
CUP2 = A(TB#15500+10161) # RC # 73,33
PRINT 150+ CURI
PRINT 150¢ CuR2

PRINT 110s N

110 FORMAT(1R1¢52Xe2THEY ENVELOPE FOR TIME STEP =,1I5,
1 /77962Xs 1 THPLANE X = 24.54DXe//e2X01HUe/)
CALL ENV(10151940«RCyIPUN)

199 CONTINUE

200 CONTINUE

201 T4 = SECOND(CH) 1
PRINT 150+ Té ﬁ
SToP
END

SUBROUTINE ENV(LOCAsNUMySCALE « IPUNCH)
DIMENSION A(1565500)+IP(4000) oNN(SD)
COMMON A

DO 1 I=1+50
1 NN(I) =1

00 2 LY=2+100

LOC = LOCA + (LY=-1)#15500 + &

LOCI = 1 ¢ (LY=])#40

IP(LOCISNUM) = SCALE # A(LOCINUM)
2 A(LOCINUM) = 0.

IF(IPUNCH,.EQ,0)GO TO 5

DO 3 LY=2+100

LOCI = 1 + (LY=1)#®40

LOCII = LGCI = 1 + NUM
3 WRITE(Rs4) (IP(LL)oLL=LOCI+LOCIT)
4 FORMAT(1016)

S LXM = NUM/20 1
DO 8 LX=1elL XM :
LXA = 1 + (LX=1)%20
LA = LXA + &

LZ = LA + 19
DO 6 LY=24100




—T

OEe~N®

LYY = 102 = LY

LOCI = LXA « (LYY=]1)#40

LOCII = LOCI + 19

PRINT 7o LYYs (IP(LL)WLL=LOCIsLOCII)
FORMAT (IX9s]1345X+2016)

PRINT 99 (NN(LL)oLL=LASLZ)

FORMAT (//e8X420160e//7/7/7)

RETURN
END
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3.0 DATA CARD FORMAT

3.1 Type of Medium at Each Lattice Cell

For most realistic interaction geometries, data cards are needed to
specify the type of medium at each location of an electric field component.
Up to 9 distinct media can be efficiently specified within a Tattice using
the following format.

Using the Fortran statement 4 FORMAT (75F1.0) a medium-type integer
1, 2,..., 9 can be assigned to the 600 locations of an electric field com-
ponent in one plane j = constant with only 8 data cards. The 600 locations
are ordered as shown in Figure 1. Within the 75F1.0 format, we have:

Assigns Type Integer to

Data Card Consecutive Locations
1 1 - 75
2 76 - 150
3 151 - 225
4 226 - 300
5 301 - 375
6 376 - 450
7 451 - 525
8 526 - 600

In all data cards, column 25, column 50, and columns 75 - 80 are left blank.




4
k K k
23 | 23, | 23 (| 576 577 578 ... 598 599 600
22 | 225 | 22 || 551 552 553 ... 573 574 575 :
|
21 | 215 | 21 526 527 528 ... 548 549 550 z
|
2| 2 | 2 519 52 53 ... 73 74 75
1 PR 26 27 28 ... 48 43 50 1
0 Ly | o 1 2 3 23 24 25
|
oo Ts 24 ... 225 23 e
X ;
1 2 3. ... 23 24 25 g
Z
\ 12 3 ... 23 24 25 -ig
i ,
%
FIGURE 1 ORDERING OF THE ELECTRIC FIELD COMPONENT LOCATIONS

f IN THE LATTICE PLANE j = CONSTANT
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3.2 Equivalent Electric Current Aperture Excitation

For the case of the hybrid method of moments/FD-TD analysis, data cards
are needed to specify the Schelkunoff equivalent electric current excitation
at each point in the aperture plane marked by the location of an electric
field component. The electric current excitation is given in amperes/meter
and is normalized (for purposes of achieving a wide-range print out) to an
incident wave electric field of 104 volts/meter. In addition, the electric
current excitation is characterized at each point by an integer number repre-
senting the number of time steps of delay of the current relative to the
earliest appearance of current at any point within the aperture plane.

Using the Fortran statement 15 FORMAT (12F6.2,/,13F6.2), a current-
excitation magnitude can be assigned to the 600 locations of an electric
field component in one plane j = constant with only 48 data cards. The 600
locations are ordered as shown in Figure 1. With this format, we have:

Assigns Current Magnitude

Data Cards to Consecutive Locations
1 and 2 1 - 25

3 and 4 26 - 50

5 and 6 51 - 75

47 and 48 - 576 - 600

In all data cards, the quantity 0.0 is assigned to electric field component
locations either at the boundary of the aperture or outside of the aperture.
In all even-numbered data cards, the quantity 0.0 is assigned to the thir-
teenth entry {(columns 73-78).

Using the Fortran statement 16 FORMAT (25F3.0), a current-excitation
detay can be assigned to the 600 locations of an electric field component in
one plane j = constant with only 24 data cards. The 600 locations are order-
ed as shown in Figure 1. With this format, we have:
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Data Card

24

Assigns Current Delay
to Consecutive Locations

1 - 25
26 - 50
51 - 75

576 - 600

In all data cards, the quantity 0 is assigned to electric field component
locations either at the boundary of the aperture or outside of the aperture.

Further, in all cards, the quantity 0 is assigned to the twenty-fifth entry

(columns 73-75).
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